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why 
BACTO-THROMBOPLASTIN 
is the most widely used agent 
for prothrombin determinations 


18 years’ use has demonstrated its 


1) accuracy and reliability 
2) high sensitivity and potency 
3) stability and dependability 
4) simplicity of preparation 


5) economy 


BACTO-THROMBOPLASTIN 
is a stabilized desiccated rabbit 
brain substance of high thrombo- 
plastin potency. It is used in all 
p prethrombin time procedures with 
Each box of Bacto-Thromboplastin con- 


tains 6 ampules, sufficient for 210 Quick either whole or diluted plasma. 
determinations or 420 Link-Shapiro Bacto-Thromboplastin is stable in 
determinations. either dry form or frozen extract. 


Descriptive literature gladly sent upon request. 


DIFCO LABORATORIES 
DETROIT 1, MICHIGAN 
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AMES CLINIQUICK 
CLINICAL BRIEFS FOR MODERN PRACTICE 


What is the most practical approach 
to determining the concentration of 
solids in urine? 


Specific gravity. Increased output of urinary solids raises the specific gravity— 
each | per cent of glucose increases the reading by 0.004. 


Source—Wolman, I. J.: Laboratory Applications in Clinical Pediatrics, New York, The 
Blakiston Division, McGraw-Hill Book Company, Inc., 1957, pp. 343, 344. 


“The simplicity, speed and accuracy of the Clinitest tablet reagent make it a 
desirable procedure for quantitation of urinary sugar.”* 


COLOR-CALIBRATED CLINITEST® 


Reagent Tablets 
the standardized urine-sugar test 


standardized reading —blue-to-orange spectrum...clear-cut color changes...stand- 
ardized, laboratory-controlled color scaie 


standardized “plus” system—established “plus” system...covers entire critical 
range—does not omit %% (++) and 1% (+++) 


*Giordano, A. S.; Pope, J. L., and Hagan, B.: Am. J. M. Technol. 22:29, 1956. 


(a AMES COMPANY, INC + ELKHART, INDIANA 
Ames Company of Canada, Ltd., Toronto 
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Ortho Pharmaceutical Corporation 


RARITAN, NEW JERSEY _ 


For Faster Specimen Preparation 
Complete | Compact [| Convenient 


ALOE PRECISION Micro 
Section Grinding and 
Polishing Apparatus 


Facilitates preparation of undecalcified spec- 
imens of bone, metal, and other materials for 
microscopic and radiographic examination. 


Without extensive pretreatment, you 
can obtain sections ranging from 10 to 25 , 
microns in thickness, using this technic. a 


60200—Micro-Specimen Electric 
Procedure: Specimens are first cut Band Sow 


with a special, low-speed band saw; 
defatted in acetone for a short period; 
then placed in molds containing liquid 
plastic and allowed to set overnight at 
room temperature. 


Resulting blocks are then cut with 
band saw to 1 mm sections and glued to 
object holders. Removable brass stops 
on object holder determine final thick- 
ness of specimen. Each side of section is 
applied to abrasive wheel until desired 
thickness is achieved. For thinner or a 
more highly polished section, specimen 
block is rubbed over a glass polishing 
plate several times. 


All instruments are small enough to 
fit inside an average size hood, or other 
enclosure, when used with radioactive 
or noxious materials. 


Write Today for Prices and Complete 


Information. Typical Specimen Blocks Showing 
Sample Sections 


ALOE SCIENTIFIC 


DIVISION OF A.S. ALOE COMPANY 
5655 Kingsbury, St. Lovis 12, Mo. 


14 Fully Stocked Divisions Coast-To-Coast 


Jour. of Lab. & Clin. Med. 


Lag 
\ 
60210—Micro-Specimen Electric 
Grinder-Polisher 
4 
‘ 
| 
Page 4 


Kedak reports on: 


hacking out carbonyl compounds of biological origin . . . how to get 


started right, or even wrong... nobility from 


Colored handles 


We have a project to develop 
(or at least keep an eye on) 
reagents that would provide 
colored handles for various 
classes of compounds so that 
you could tell where they 
wound up in chromatographic 
separation. Then you could 
hack out these sections or 
spots and go to work on them. 
In p-Phenylazobenzoyl Chloride 
(Eastman 5549) we have had 
such a reagent for sterols, 
sugars, and amino acids. (Pro- 
cedural abstract on request.) 
Now in 4-(p-Phenylazophenyl)- 
semicarbazide (Eastman 7443, 
5 grams for $4.30) we have one 
for carbonyl-containing com- 
pounds. In this case, instead of 
a mere abstract we offer you 
the far greater thrill of work- 
ing out the entire procedure 
for yourself. Push off from 
J.A.C.S. 77,6693 (1955), where 
this compound is considered 
for the isolation of carbonyl 
compounds of biological ori- 
gin, trioses in particular. There 
is a part where they tell how 
to prepare the reagent. That 
you now skip. 

We can chant some 3700 variations 
of this same basic theme, since there 
are some 3700 Eastman Organic 
Chemicals obtainable from Distill. 
Products Industries, Rochester 3, N.Y. 
(Division of Eastman Kodak Com- 
pany). Anyone who prepares one of 
these compounds himself instead of 


buying it from us may have too much 
time on his hands. 


Special sensitized products 


A poor, proud, and gentle old 
man was once arrested for 
helping himself out at infre- 
quent intervals over a long 
period of years by printing a 
few crude one dollar bills with 
which to buy food. When his 
story was made public, it was 
learned that upon discovering 
his interest in the graphic arts 
he had written to us and re- 
ceived basic information on 
which he had built his modest 
skill. 

By reading our circulars a 
person can no more acquire 


proficiency in counterfeiting 
than he can in autoradiogra- 
phy of tissue sections, spec- 
trography, astrophysical re- 
search, or investigations with 
nuclear track emulsions. Nev- 
ertheless, as long as intentions 
are legal, it doesn’t hurt early 
in the game to obtain from us 
the essential facts about the 
specialized photographic ma- 
terials we manufacture for 
these purposes. 

New sheets entitled “Kodak Sensi- 
tized Materials for Autoradiography,” 

“Kodak Spectrum Analysis Plates and 
Films and Kodak “Spec trosc yo 
Plates and Films,” and “Kodak ! 
clear Track Materials” are 
without charge from Eastman Kodak 
Company, Special Sensitized Prod- 


ucts Division, Rochester 4, N. Y. He 
who asks for all three impresses us 
with the scope of his ambitions but 
Strains our credulity a mite. 


If only you needed a camera 


From our Stuttgart factory we 
are now importing these Kodak 
Retina Reflex Cameras. They 
sell for $215 (list) with the basic 
50mm f/2 Retina Xenon-C 6- 
element coated lens. Inter- 
changeable 6-element compo- 
nents are available to provide 
a focal length of 35mm for 
wide angle or 80mm for tele- 
photo work. There must be a 
good reason why noble optical 
equipment should be named 
after a noble gas. German en- 
— never do anything 
illog 

With and the remarkable 
film sensitivity now obtain- 
able, surprisingly many pic- 
tures will made with no 
auxiliary light at all. For the 
rest, the camera provides syn- 
chronization with all popular 
flashbulbs and discharge lamps 


at speeds up to 1/500 second. 

The laws of geometrical op- 
tics still being in force, the 
larger the relative aperture, 
the tighter the focusing toler- 
ance. Therefore the Retina Re- 
flex Camera provides split- 
image rangefinding linked to 
the lens for accurate focusing 
—even in light so dim that de- 
tail is barely visible. For a 
happy-moments camera em- 
ployed occasionally in a bat 
cave this might suffice. This 
camera extends itself beyond 
aim-and-fire applications. For 
technical work, as in photo- 
micrography with the Kodak 
Retina Microscope Adapter 
Kit, Type C, the other and 
larger aspect of its character 
comes into play. 

The rangefinder split-field is 
but the center of a truthful 
preview of the entire picture, 
seen upright and laterally cor- 
rect. This image is formed at 
full lens aperture by the taking 
lens itself, so that even at only 
six inches film-to-subject dis- 
tance (as with one of the 
Kodak Retina Close-Up Lens 
Sets instead of a microscope) 
the boundaries of the 24mm by 
36mm picture inevitably coin- 
cide exactly on the ground 
glass as on the film. Since the 
entire picture may be exam- 
ined on its extra-fine surface, 
the focusing may be adjusted 
to favor any portion thereof 
without re-aiming—a simple 
point worth remembering 
when comparing cameras of 
this type. 

Phone a camera shop and check 
whether they have yet received a 
Kodak Retina Reflex Camera you 
can examine. If we had known you 
were interested, we would have left 
room here for details on the built-in 
photoelectric exposure meter, the me- 
chanical linkage of shutter speed to 
diaphragm setting, and the way 
the instant before exposure it stops 
down to the aperture chosen. 


Prices stated include Federal Tax 
where applicable and are subject 
to change without notice. 


Stuttgart 
nf 
This is another advertisement where Eastman Kodak Company 
probes at random for mutual interests and occasionally a little rev- ‘Kod hs 
enve from those whose work has something to do with science didi Codak 
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SPENCER 


YOUR MICROSCOPE — Kochler type illumination— 
ideal for bright field... phase... interference ... polar- 
izing ... and dark field microscopy and photomicro- 
graphy. Numerical aperture ...and field diaphragm 
settings regulated accurately and effectively — permit 
full resolving power of your microscope. 


OFFERS WIDE SELECTION OF FILTERS — Eight levels 
of intensity . . . plus daylight, green and red filters . . . 
quickly selectable by simple finger-tip rotation of tur- 
ret mounted filters. Optimum intensity and correct 
contrasting color selection are very important factors 
to reveal the specimen detail you're investigating. 


1 ASSURES MAXIMUM OPTICAL PERFORMANCE OF 3 PROVIDES PERMANENT ALIGNMENT WITH MICRO- 


SCOPE —Three point positioning device precisely 
locates and rigidly retains any make microscope equip- 
ped with horseshoe base. Microscope may be removed 
and easily repositioned against locating device with- 
out disturbing absolute alignment. Near parallel beam 
of light evenly illuminates entire field of view. 


COSTS LESS THAN YOU THINK — Model 600 AO- 
Spencer Ortho-Illuminator complete... $165.00. 
Optically and mechanically designed to give you years 
of trouble-free service ... maximum efficiency... and 
reduced fatigue. 


formerly available from Silge & Kuhne, San Francisco 


Write Dept. 4-15 for ORTHO-ILLUMINATOR Brochure 58-600 Optical Company 


Instrument Division + Buffalo 15,N.Y. 
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"RBC" and HEMOGLOBIN 
DETERMINATIONS.... 


SECONDS! 


The NEW and PROVEN 
MODEL 


Haemoscope 


MORE ACCURATE 
MORE DEPENDABLE 
MORE REPRODUCIBLE 


Incorporates Man 5 New Features 


The new MODEL G HAEMOSCOPE isa | _ mastered. Repeated settings are eliminated 
precision instrument for rapid, accurate and | and only one dial is to be read. Operator 
reproducible RBC and Hemoglobin deter- can achieve reproducible and accurate re- 
minations. The Haemoscope functions as a sults to within 2% of each other, using 
scatter photometer, measuring the light scat- the same sample, without previous experi- 
tered directly—not at right angles to the ence or training. 
light source—by particles in suspension. It 
is capable of compensating for variations in Both RBC and Hb results are read directly 
cell size due to the highly precise optical from one dial, the RBC to the nearest 
bench and method of selecting a discrete 25,000 cells and the Hb to the nearest one- 
portion of total scattered light pattern. tenth of one gram. The MODEL G uses 
permanent, all-glass standards which permit 
Sahli type pipettes are used to collect blood quick and simple check-out of the unit. 
samples and standard volumetric pipettes 
or burettes are used to prepare the dilu- Handsomely finished in “eye-ease” green, 
ents. Gower’s solution is employed as acid-resistant enamel. Dials and controls 
the RBC diluent while a very dilute am- are clearly engraved with widely spaced 
monium hydroxide solution is used for the scale divisions. Operates on 115 or 220 
Hb tests. Three simple controls are quickly volts, AC current only. 


Cat. No. M-52085 mapsoseorE, Model G—including operating manual and glassware kit 
consisting 
1 ea. Bulb; 2 ea. Haemoscope, Cuvette; 4 ea. Vial, Shell, RBC Dilution; 
4 ea. Vial, Shell, Hb Dilution; 6 ea. RBC and Hb Combination Pipette; 


Cat. No. M-52085A HAEMOSCOPE, Model G—without glassware kit _-_.-...--------_____ $590.00 


ORDER TODAY! 


LABORATORY 
APPARATUS 


REAGENTS 


STANDARD SCIENTIFIC 


S. 808 BROADWAY 
NEW YORK 3, 


| 
MORE RAPID a. 
1 ea. Volumetric RBC Dilution Pipette; 1 ea. Volumetric Hb Dilution 
Pipette. Please specify voltage, frequency and type of current when 
~ 
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. . . adds the science of fluorimetry to the 
scope of the Medical and Clinical laboratory 


The Coleman Electronic Photofluorometer is a direct-reading, line- 
operated instrument for the precise analysis of vitamins, estrogens, 
steroids, catecholamines, porphyrins and other physiological fluid com- 
ponents of interest to medical science. 


The Photofluorometer can be used independently for routine analysis 

. or its sensitivity can be extended far into the range of trace- 
analysis by integrating it with a Coleman Junior or Universal Spectro- 
photometer. 


Like the Coleman instruments you already know, the Photofluorometer 
is easy to use . . . easy on the budget, and de- 
livers analytical data with the faithful depend- 
ability you need in a clinical instrument. 


Write for New Bulletin... B-245 


/} 


COLEMAN INSTRUMENTS INC., DEPT. — MAYWOOD, ILLINOIS 
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SYPHILIS ANTIGENS Lederle 
Your Choice to Fit Your Needs 


V. D. R. L. ANTIGEN Lederle. A cardiolipin-lecithin- 
cholesterol antigen for use in either the slide 
or tube flocculation test of serum or spinal 
fluid, qualitative or quantitative. Cardiolipin is 
manufactured by Lederle under license from 
the New York State Department of Health. 


KAHN STANDARD ANTIGEN (Cholesterinized) Lederie. A choles- 
terinized alcoholic extract of beef heart for 
use in the Kahn precipitation test for syphilis, 
standardized under the supervision of Dr. 
Reuben L. Kahn Laboratory. 


LAUGHLEW REAGENT Lederle. For rapid, reliable, in- 
expensive serodiagnosis of syphilis. Has as its 
base a precipitation test antigen as used in the 
Kahn test, to which have been added stand- 
ardized amounts of cholesterol, balsam, and 
scarlet R dye. Especially adapted for routine 
use in small hospitals and clinics, and for 
emergency use. 


LEDERLE PRODUCTS FOR LABORATORY MEDICINE ARE PRE- 
PARED AND TESTED ACCORDING TO THE HIGHEST STANDARDS 


AGENTS FOR LABORATORY USE: BLOOD GROUPING, 
Rh TYPING, and ANTIHUMAN (Coombs Test) 
SERUMS, NIH-approved; BLOOD CULTURE 
MEDIUM; E. COLI TYPING SERUMS*; FEBRILE 
ANTIGENS; SALMONELLA GROUPING and 
TYPING SERUMS*; SHIGELLA GROUPING 
SERUMS; PASTEURELLA TULARENSIS TUBE 
ANTIGEN; VIRAL and RICKETTSIAL ANTIGENS, 
*Prepared according to CDC methods and 
standards. 


AGENTS FOR CLINICAL USE: LYMPHOGRANULOMA 
VENEREUM SKIN TEST ANTIGEN and CON- 
TROL; TRICHINELLA EXTRACT and SALINE 
CONTROL; TUBERCULIN PATCH TEST (Voll- 
mer). 


For further information contact the Lederle 
representative through your hospital pharmacy, 
or write: 


LEDERLE LABORATORIES DIVISION, AMERICAN CYANAMID COMPANY 
PEARL RIVER, NEW YORK 


‘ 
| 
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STABLE DRY-PACK REAGENTS STAINS - INDICATORS - BUFFERS 


The “Dozen-Unit Package” has be- 
come a popular item. It has the 
double advantage of being both 
less costly and more adaptable to 
shelf storage. 


We now have designed an entirely 
new type “Dozen-Unit Package" for 
the supply of various Harleco prod- 
ucts which are individually boxed. 
This new package features a tear 


tape similar to that on the cover- 

ing of a cigarette package. A pull 
TEAR TO pb of the tape removes the end of the 


carton. Boxed units remain in a 


DOZEN-UNIT PACKAGE 


will both find advantage in price 


commonly used items of Harleco 


SOLID and SOLVENT UNITS 


NINTH EDITION CATALOG AVAILABLE UPON REQUEST 


HARTMAN-LEDDON COMPANY + PHILADELPHIA - PA. U.S.A. 


Jour. of Lab. & Clin. Med. 


: 
DROPPER BOTTLE PACKAGING 
= 
= 
=| =" 
S AMPULED CONCENTRATES - 60 mi. AMPULED CONCENTRATES - 100 mi AMPULED CONCENTRATES - 150 mi. 
| 4 
== 
<== | =| = 
7 FOR INDIVIDUALLY f this new package for 
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NEW ecexisitity, 
VERSATILITY AND COMPACTNESS 
FOR RESEARCH RECORDING 


THE SANBORN 
POLY BEAM 
6- AND 8-CHANNEL 


PHOTOGRAPHIC RECORDING SYSTEM 
—+ up to eight channels in a single mobile cabinet 


—+ “add on” flexibility that permits a 2- or 4-channel system 
to be expanded to eight channels 


— > optional integrated monitoring unit for viewing up to four 
waveforms simultaneously, or vector loops 


—+» choice of six miniature plug-in preamplifiers for ECG, 
heart sounds, sphygmograms, EEG, gas analysis, 
various pressures, and many other events 


The new Sanborn “550M Poly-Beam” is an eight channel 
recording system, which can be equipped originally for 2-, 4- or 
6-channels and later expanded to eight. Interchangeable plug-in 
preamplifiers only 102 inches high mount in four- unit modules; 
all provide extended frequency response and sensitivity for more 
accurate recording or monitoring of many biophysical events. An 
optional visual monitoring unit (located above the preamplifiers), 
which includes an oscilloscope, a vector timer and an electronic 
switch, permits viewing up to four waveforms simultaneously, or 
vector loop presentation. Events can be monitored either as a 
supplement to, or in place of, recording. 


The recorder uses 6 in. wide recording paper in 200 ft. rolls. 
Eight chart speeds from 1.25 to 200 mm/sec. are selected by 
electrical control. Optical recording galvanometers use simplified 
plug-in coil and mirror inserts, permitting recorder expansion 
by the addition of inserts (one per channel). Time coordinates 
are recorded photographically and are produced by a synchro- 
nous timer independent of the paper drive. Amplitude lines 
which show mm. and cm. may be eliminated from )4, »2, or the 
entire chart width by manual control. Other recorder features 
include an event marker; beam interrupter for trace identifica- 
tion; provision for remote control; viewing window for observa- 
tion, positioning and standardizing of galvanometer beams. 


Also new from Sanborn are the 6- and 8-channel 350M Series 
direct writing systems. Cabinet size and style are identical to the 


550M and plug-in preamplifiers may be used interchangeably 
in both systems. 


For complete information on the new Sanborn systems call the 


Sanborn Branch Office or Service Agency nearest you, or write 
Inquiry Director, Medical Division. 


175 Wyman Street, Waltham 54, Mass. 


L 
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P. aragon Reagents Dependable 


Tested Pasamennt Quality 


Paragon Standards and Reagents for Clinical Chemistry 


Accurately prepared and standardized in our own laboratories. 


Quantity Price 
$1.20 


Description 
Acid Digestion Mixture—Paragon (concentrated)-.........-.---- P745 100 ee 
Alkaline Copper Tartrate—Paragon (concentrated) ~.......----~- P851 for 1 liter 
Ammonium Sulfate Solution—Paragon (saturated-aqueous) --~--~-~- P582 100 ee 
Benedict Compound Paragon—Qualitative, P520 for 1 gallon 
P501 for 1 liter 
Benedict Compound Paragon—Quantitative, P631 for 1 gallon 
P611 for 1 liter 

Paragon Bone Decaleifying Solution-.....__......--.-..--------- PS3100 500 ce 
Benzoic Acid Solution—Paragon (0.25% aqueous)--.....--~----- P890 500 ce 
Paragon Combined Decolorizer-Counterstain_..............---.--- PS2275 500 cc 
Creatinine Standard—Paragon (stock—1 ml. equals 1 mg.)------ P360 100 ee 
Creatinine Standard—Paragon (working—1 ml. equals .006 mg.)-P370 100 ee 
Diazo Reagent A—Paragon (0.1% sulfanilic acid)..--...-..----- P575 250 ce 
Diazo Reagent B—Paragon (0.5% sodium nitrite)_...........--- P576 100 ce 
Ferric Ammonium Sulfate—Paragon (ferric alum powdered) -_--__-- P676 50 gm. 
Ferric Chloride Solution—Paragon (10% aqueous)--......-----~- P970 250 ce 
Glucose Standard—Paragon (stock—1%)-_---...-.---------~----- P870 100 ce 
Glucose Standard—Paragon (intermediate—stock—0.2%) P872 100 ec 
Glucose Standard—Paragon (1 ml. equals 0.1 mg.)---.----------- P875 100 ec 
Glucose Standard—Paragon (1 ml. equals 0.2 mg.)----.--.------- P876 100 ce 
Iecteric Index Standard—Paragon (0.01% potassium bichromate) ..P590 250 ce 
Nessler Compound Paragon, granules...--..---....--.----.----_.- P701 for 1 liter 
Nitrogen Standard—Paragon (stock—1 ml. equals 1 mg.)-----~-~-~- P722 100 ec 
Nitrogen Standard—Paragon (working—1 ml. equals 0.1 mg.)---P723 100 ce 
Nitrogen Standard—Paragon (working—1 ml. equals 0.05 mg.)--P724 100 ce 
Nitrogen Standard—Paragon (stock—1 ml. equals 0.2 mg.)------ P725 100 ec 
Nitrogen Standard—Paragon (stock—1 ml. equals 1.5 mg. in 

Nitrogen Standard—Paragon (working—1 ml. equals 0.015 

Nitrogen Standard—Paragon (stock—1 ml. equals 0.75 mg.) --.---~-- P728 100 ec 
Nitrogen Standard—Paragon (working—1 ml. equals 0.015 mg.)--..P729 100 ce 
Phenolphthalein Solution—Paragon (1% alcoholic) P960 100 ce 
Phospho-Molybdic Acid Reagent—Paragon, concentrated_......._-_ P801 for 1 liter 
Pieric Acid Solution—Paragon (especially purified— 

P350 500 ce 
Standard Potassium Thiocyanate Solution—Paragon (1 ml. 

Standard Potassium Thiocyanate Solution—Paragon (1 ml. 

Standard Silver Nitrate Solution—Paragon (1 ml. equals 1 

Standard Silver Nitrate Solution—Paragon (1 ml. equals 1 

Sodium Alizarin Sulfonate Solution—Paragon (1% aqueous) P965 100 ce 
Sodium Hydroxide Solution—Paragon (10%)---.----.----------- P355 500 cc 
Sodium Hydroxide Solution—Paragon (0.1N)-..-----.----------- P950 500 ee 
Sodium Tungstate Solution—Paragon (10%)--~------------------ P116 500 ec 
Toepfer’s Reagent—Paragon (0.5% alcoholic)_.-..._._.__-_____- P955 100 ec 
Van den Bergh Standard—Paragon (cobalt sulfate)...._....____- P580 250 ce 


45 


-75 


Write for catalog $54 fully describing Paragon Staining Solutions, Chemical Reagents and 
Solutions and Paragon Tray Drawer Cabinets and accessories 


Manufactured exclusively by 


All prices F.0.B. New York, N. Y., subject to change without notice. 


PARAGON C. & C. CO., INC., 2540 Belmont Ave., New York 58, New York 


Cable Address: Wijeno, New York 
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accurate, guick determinations... 
for all colorimetric tests 


PHOTROMETER 


Only one adjustment of only one knob and you get precise determinations 
for each routine clinical test—easily, rapidly—with the Leitz pre-calibrated 
PHOTROMETER. 

Leitz PHOTROMETERS for clinical laboratories... 

* pre-calibrated for easy, rapid determinations 

* a supply of standard solutions is not required 

* no external voltage stabilizer needed 


¢ built with the precision and ruggedness characteristic 
of all Leitz instruments 


¢ laboratory technician can readily calibrate instrument 
for additional tests 


See your dealer for a demonstration. 


ewe 


&. LEITZ, INC., Dept. L-7 
468 Fourth Avenue, New York 16, N.Y. 


Please send me the Leitz PHOTROMETER brochure. 


Nome 


Street 


Zone. Stote 


&. Leirz, inc., 4686 FOURTH AVENUE, NEW YORK 16, N. Y. 
Distributors of the world-famous products of Ernst Leitz, Wetziar, Germany 
LENSES - CAMERAS + MICROSCOPES + BINOCULARS 
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SARGENT-MALMSTADT 


Automatic Titrator 


Using Second Derivative Method of H. V. Malmstadt 


1. Greater operational time 
saving than any former so- 
called automatic equip- 
ment. 

2. No electrode problems. 
Most titrations can be car- 
ried out with plain platinum 
or platinum-rhodium wire 
electrodes. 

3. Correct end point is auto- 
matically derived by the cir- 
cuit — no statistical or the- 
oretical studies needed. No 
pre-setting of voltages. 


d 


Push-button start, automatic 
shutoff. 

4. Inherent accuracy is su- 
perior to voltage measure- 
ment or color indication. 

5. Precision better than lim- 
its of normal techniques 
and reading. 

6. Directly applicable to all 
types of redox, acid-base, 
precipitation and complex- 
ation titration systems. 

7. Low cost, minimum main- 
tenance. 


and f ed by E. H. Sargent & Co. 


based on the original work of H. V. Malmstadt, 


(Anal. Chem., 26, 1348 [1954.) 


$-29690 ELECTROMETRIC TITRATION 
APPARATUS—Automatic, Potentiometric, 
Sargent-Malmstadt (Patents pending). 
Complete, including: control unit; stirring 
valve unit; support stand with beaker plat- 
form and burette clamp; one $-30490 
calomel electrode; one each S-30440 elec- 
e, platinum and platinum rhodium; one 
S-29695 delivery tip with internal platinum 


electrode; one S-29696 long delivery tip 
with internal platinum electrode; one 
S-76667 stirring rod; one S-76668 large 
stirring rod; connecting cable for recorder; 
and connecting cord and plug for standard 
outlets. Without beakers or burettes. For 
operation from 115 volt, 60 cycle A.C. 

$450.00 


SARGENT 


SCIENTIFIC LABORATORY INSTRUMENTS © APPARATUS © SUPPLIES © CHEMICALS 


E. H. SARGENT & COMPANY, 4647 W. FOSTER AVE., CHICAGO 30, ILLINOIS 
MICHIGAN DIVISION, 8560 WEST CHICAGO AVENUE, DETROIT 4, MICHIGAN 
SOUTHWESTERN DIVISION 5915 PEELER STREET, DALLAS 35, TEXAS 
SOUTHEASTERN DIVISION, 3125 SEVENTH AVE., N., BIRMINGHAM 4, ALA, 
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you 
can 
determine 
gastric 
acidity 
simply, 
effectively 
and 
without 
intubation, 
use new 


jf 


{ity 


as 
/ 


/ 


Diagnex Blue 


Squibb Azure A Carbacrylic Resin Diagnostic Test 


... the visual color test for gastric acidity 


How to Use 

1. The patient takes Diagnex Blue orally. 

2. Urine samples are returned to the physician. 

3. Simple color comparison denotes gastric acid status. 


Advantages 

e@ a simplified, visual method without intubation 

e highly dependable results 

® time-saving convenience—can be used right in the office 


e no fluorescent light or other special equipment needed 
SQUIBB 


Indications 
The Diagnex Blue test is a simple, highly useful step 
in the diagnosis of conditions associated with abnormal 
gastric acid secretion. According to Goldbloom and 
Squibb Quality— his associates, “the test for achlorhydria is extremely 
the Priceless Ingredient valuable in the diagnosis of pernicious anemia, 
cancer of the stomach, and gastric polyps.” 


Boxes of 5 and 50 Diagnex Blue test units with comparators. 


Qaldhi. 


pimidipnenidiadines A. A., Feinstein, M. A. and Eiber, H. B.: Am. J. Dig. Dis., 22:288, 1955. 
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Increase the Range of Your 
Office Work 


Improve the Accuracy 
of Your Diagnosis 
Williamson 


Practical Use of 
ae the OFFICE LABORATORY 


67%” x 10” 


illustrated and X- RAY 


Pree, $10.7. (Including the Electrocardiograph) 


A knowledge and understanding of the scope and limitations of your laboratory 
equipment and x-ray and the proper interpretation of tests and films are the keys 
to successful use of your equipment. With these keys you can increase the accuracy 
of your diagnosis and broaden the scope of your office practice. 


In clear, understandable language, “Practical Use of the OFFICE LABORATORY 
and X-RAY” shows how you can utilize your equipment to maximum benefit—how 
you can make your laboratory and x-ray valued tools to answer specific questions 


designed to confirm or deny your original findings and not merely instruments to 
make “routine test reports.” 


Each procedure discussed can be done by a home-trained technician in any office 
with a minimum of basic equipment. Carefully-organized and well-illustrated, this 
practical guide discusses in detail each specific test, the equipment to be used, the 
technique, the interpretation of results and the errors most commonly made. The 
useful information you can gain from your office laboratory and x-ray is far more 
extensive than many physicians achieve with such equipment. 


By PAUL WILLIAMSON, M.D. 


The C. V. MOSBY Company 


3207 Washington Boulevard, St. Louis 3, Missouri 


Gentlemen: Please send me Williamson, “PRACTICAL USE OF THE OFFICE LABORA- 
TORY AND X-RAY” priced at $10.75 on 10 day approval. I understand if I am not com- 
pletely satisfied I can return the book within 10 days with no charge or obligation. If remit- 
tance is enclosed, publisher pays the mailing charge. 


Payment enclosed 


Charge my account 


Las-7-58 
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KETOSET 


bY Hycel 
All these determinations 


are possible with the 
Ketoset— 


®total neutral 17-keto- 
steroids 


@17-ketogenic steroids 


@17-reduced ketogenic 
steroids 


alpha-beta fractiona- 
tions of the 17-keto- 
steroids 


® qualitative dehydroiso- 
androsterone 


For complete details con- 
sult your S/P representa- 
tive or write Technical 
Service Department, Sci- 
entific Products, 1210 Leon 
Place, Evanston, Illinois. 


NOW. vou can do adrenal cortical 
activity determinations 
in your laboratory! 


July, 1958 


In one integrated set, the Ketoset supplies 5 
highly accurate laboratory determinations 
instrumental in differentiation of hypo-adre- 
nal, normal-adrenal and hyper-adrenal corti- 
cal activity. In addition, hypo-activity may 
be differentiated into primary and secondary 
states; in case of hyper activity, carcinoma 
is readily distinguishable from hyperplasia or 
adenoma. 

Procedure consists of pretreatment, hydrol- 
ysis, extraction, evaporation and color de- 
velopment. Time-saving, too—in as little as 
14% hours, a 17-ketosteroid determination 
can be completed. Ketoset consists of glass- 
ware, heaters, all reagents necessary for 
determination of 200 tests in various com- 
binations and Vapo-Vent for evaporation of 
volatile, inflammable fluids. 

No. 53853A—Hycel Ketoset, complete with Vapo- 
Vent, glassware, 2 heaters, necessary reagents for 200 
tests in various combinations and complete instructions 
for use, without support stand or clamps. .. . $459.00 


No. 53857— Extra Reagent Set —for 200 tests. 
each. . $169.00 


Scientific Products 


DIVISION OF AMERICAN HOSPITAL SUPPLY CORPORATION 
GENERAL OFFICES— 1210 LEON PLACE, EVANSTON, ILLINOIS 


Division Offices: Atianta « Chicago + Columbus + Dallas - Kansas City + Los A 
New York + San Fr 


ve 


FISHER HAS IMPROVED 
THE BASIC APPARATUS 
FOR GAS 

IN BLOOD OR PLASMA 


the new 
FISHER-VAN SLYKE 


manometric apparatus 


The completely modernized Fisher-Van Slyke 
Manometric Blood-Gas Apparatus is more 
efficient and accurate than ever. Carbon 
monoxide, carbon dioxide, oxygen and other 
components in blood, serum and other body 
fluids can be expelled and from 
ve samples. 

linical chemists recognize the Manometric 
Apparatus as the most accurate for any re- 
action that uses up or evolves a gas. 


A few of the many measuring applications — 
@ Ammonia 
@ Amines 
@ Sugors 
@ Hemoglobin 
@ Urea 


FISHER 
SCIENTIFIC 


IN THE U.S.A. Philadelphia 1N CANADA 
Boston nd Pittsburgh Edmonton 
Buffalo Detroit St. Montreal 
Charleston, W.Va. New York Washington Toronto 
America's Lorgest Manufacturer-Distributor of 
laboratory Appliances & Reagent Chemicals 


Write for Bulletin FS-271 


A 12-page bulletin describes 
applications and advantages 
of this and other Fisher-Van 
Slyke analytical apparatus. 


120 Fisher Building 
Pittsburgh 19, Pa. 
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a new radioisotope counting system 
for biological and clinical research 


Nuclear-Chicago’s DYNACON® —a system for 
measuring C%, S* in gases, liquids, solids 


Operator places 250 mi. ion chamber on Dynacon con- 
verter. Sample may be read directly in microcuries or 
dis./ sec. on meter and recorder. 


The Model 6000 Dynacon is an outstanding 
ANIMAL new system from Nuclear-Chicago for the bio- 

chemist or scientist measuring soft beta 
emitting isotopes. Combining economy and pre- 
cision with unmatched versatility, it will accept 
and measure gas, liquid, and solid samples 
ranging in activity from a millicurie to a micro- 
microcurie without dilution or absorption 
techniques. It is the ideal instrument for making 
re) ° continuous gas flow measurements in plant 
uptake and animal metabolism studies when 
0900 used with the flow-type ion chamber. The 
en —— system’s design provides highest reproduc- 
ibility while eliminating all errors due to coin- 
Apparatus for continuous measure- cidence losses, register losses, or electronic 
ment of respired C'“O, from small drift. Write for full specifications including 
animals includes glassware, flow- typical biological applications of the new 


type ion chamber, Dynacon electro- 
meter, and chart recorder. Dynacon electrometer. 


Fine naliumenti- Research Quality Radiochemisals gx 
nuclear - chicago 


co fF aT to WN 


® 249 WEST ERIE STREET + CHICAGO 10, ILLINOIS 


+ 


July, 1958 Issue 


Journal of 


CHRONIC DISEASES 


Presents 


SYMPOSIUM 
ON 
CANCER 


Sir Alexander Haddow, Dr. J. R. Heller and Dr. Sidney Farber 


PAPERS 
Introductory Statement to the Symposium on Cancer. 
The Natural History of Cancer. Dr. Leslie Foulds, Royal Cancer Hospital, London, England. 


On the Etiology of Cancer. Dr. Michael B. Shimkin, National Cancer Institute, Bethesda, Md. 


An Appraisal of Tumor-Virus Problems. Dr. Jacob Furth and Dr. Donald Metcalf, Children’s Cancer 
Research Foundation, Boston, Mass. 


A Critical Analysis of “Tumor Immunity.” Dr. Morris K. Barrett, National Cancer Institute, Bethesda, 
Md. 


Recent Studies on Pathophysiologic Mechanisms in Human Neoplastic Disease. Dr. Alfred Gell- 
ae College of Physicians and Surgeons, University of Columbia, New York, 
N. Y. 


Some Aspects of eis ~~ eee Dr. R. J. C. Harris, Institute of Cancer Research, London, 
nglan 


Radiation-Induced Leukemia in Man, With Particular Reference to the Dose-Response Relation- 
ship. Dr. W. M. Court-Brown, Medical Research Council, Western General 
Hospital, Edinburgh, Scotland. 


The National Cancer Chemotherapy Program. Dr. K. M. Endicott, National Cancer Institute, 
Bethesda, Md. 


Clinical Investigations in Cancer Chemotherapy. Dr. Charles G. Zubrod, National Cancer Institute, 
Bethesda, Md. 


Reflections From Cancer Chemotherapy Screening Studies. Dr. C. Chester Stock, Sloan-Kettering 
Institute, New York, N. Y. 


The Immunologic Theory of Cancer: Some Implications in Human Pathology. Dr. H. N. Green, 
ae of Cancer Research, School of Medicine, University of Leeds, Leeds, 
ngland. 


Monthly; subscription rates per year: United States, $12.50; Canada, Latin-America, Spain 
& The Philippines, $13.00; elsewhere, $14.00, 


Kindly send us your subscription order on your own letterhead. Include your postal zone number if 
you have one. Also please indicate the nature of your practice, for our records. 


Published by 


The C. V. MOSBY Company 
3207 Washington Blivd., St. Louis 3, Missouri, U.S. A. 
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a prothrombin time control: 
can be..., should be..., and why. 


Your normal prothrombin time control can 
be fresh human plasma from five normal 
individuals ... pooled to minimize the vari- 
ables that may be present in single controls 
due to drugs, stress or other causes. 


It can be duplicate determinations on the 
plasmas of five normal individuals with the 
results averaged. 


Anything less can provide a distorted base- 
line to the clinician in planning his therapy. 


Your control should be DIAGNOSTIC 
PLASMA WARNER-CHILCOTT. 


For DIAGNOSTIC PLASMA is prepared by 
pooling hundreds of normal plasmas; then 
individual clotting factors are titrated to 
give you a truly normal control. 


DIAGNOSTIC PLASMA, as your control in 
prothrombin time determinations, decreases 
the biological variables of a single control. 


DIAGNOSTIC PLASMA will give you results 
consistently identical with those of pooled 
human plasma, assuring your patient of 
accurately controlled anticoagulant dosage. 


Coagulation And why ...the importance of your using a 
truly normal control, and other problems 

Research that may occur when performing prothrom- 

bin times, are covered in the teaching film 

Laboratory strip “Determining Prothrombin Activity”.* 


NeW, 


from our 


DIAGNOSTIC PLASMA is available from 
— leading laboratory supply distributors in 
G _boxes of ten 0.5 ml. vials. 


Thromboplastin Generation Test Reagents 


Diagnostic Plasma 


* The teaching film strip (25 mm with 
3343 r.p.m. record) “Determining Prothrombin Activity” 


— available at ne charge from 


For TGTR information write: 


LABORATORY SUPPLY DIVISION WARNER-CHILCOTT wornis piains. 


wun 


for use in 


Class I, Group D locations! 


INTERNATIONAL 
EXPLOSION-PROOF CENTRIFUGE 


Listed by Underwriters’ Laboratories and 
the Canadian Standards Association, this 
Size 2 Model EXD Centrifuge has explosion- 
proof % hp motor, control housing and 
electrical fittings. So, it’s safe for use in all 
Class 1 Group D atmospheres. This model 
accommodates all heads and other accessories 
used in the International Size 2 Centrifuge 
and with corresponding speeds and forces. 


for centrifuging 
infectious materials! 


INTERNATIONAL 
SEALED ACCESSORIES 


Developed for the U. S. Army Biological 
Warfare Laboratories, Fort Detrick, Maryland, 
International Sealed Accessories are now being 
used for centrifuging TB sputum, fungi and 
other infectious materials without risk of 
contaminating centrifuge and surrounding air. 
New, enlarged line includes cushioned 
Duralumin cups and stainless steel shields 
with air-tight screw-on covers for holding all 
standard centrifuge bottles and tubes. 


What is your special centrifuging problem? 


International, with its problem-solving experience since 1901, has 
created new Centrifuges and Accessories for better, faster and safer 
performance. Designed with operational safety a foremost considera- 
tion, each Centrifuge and each piece of accessory equipment bears the 
IEC seal of quality and is carefully overload tested. 

There is no finer combination than genuine International accessories 
in an International Centrifuge. 


1215 SOLDIERS FIELD ROAD, BOSTON 35, MASS., STadium 2-7900 
International — your dependable source for centrifugal force 


a & 4 


NEW...HYLAND RA-TEST 

A FAST, SIMPLE, RELIABLE 
SCREENING TEST FOR 
RHEUMATOID ARTHRITIS 


a rapid slide modification of the latex fixation test 


< 
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EASY TO PERFORM — just mix separate drops of Latex- 
Globulin Reagent with: (1) patient's diluted serum, 
(2) Negative Control Serum, and (3) Positive Control Serum 
on divided areas of slide. 


EASY TO READ—positive reactions (well-defined 
clumps) are.clearly visible to the naked eye in a few seconds. 


SUPPLIED—in compact kits containing 5 cc. Latex- 
Globulin Reagent, 2 cc. Positive Control Serum, 2 cc. Nega- 
tive Control Serum, 100 cc. Glycine-Saline Buffer Diluent, 
and divided glass slide. Each kit sufficient for at least 100 
tests—at a cost to the laboratory of only 12c per test. Test 
components are also available separately. 


HYLAND LABORATORIES 
Los Angeles 39, California - Yonkers, New York 


*Trade Mark of Hyland Laboratories 
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An assortment of 700 items 
in our stock for immediate shipment . . - 


BIOLOGICAL STAINS 


MOUNTING and EMBEDDING MEDIA 


The brands listed below have been selected for purity, dependability and responsibility 
of the maker. Our prices are identical with those charged by the manufacturer. 


BIOLOGICAL STAINS, DRY MOUNTING MEDIA FOR MICROSCOPY 
Matheson Coleman & Bell Dry Stains A.H.T. Co. Canada Balsam 


Harleco Dry Stains and “Parstains” Matheson Coleman & Bell Balsam, etc. 
National Dry Stains Flatters & Garnett “Euparal” 
BIOLOGICAL STAINS IN SOLUTION Harleco Resins, etc. 


Matheson Coleman & Bell Stains 
in Solution 


Staten EMBEDDING MEDIA FOR HISTOLOGY 


Hynson, Westcott & Dunning Giemsa A.H.T. Co. Paraffin 
Fisher “Tissuemat” 


ARTHUR H. THOMAS COMPANY 


More and more laboratories rely on Thomas Laboratory Apparatus and Reagents 
VINE ST. AT 3RD ¢ PHILADELPHIA 5S, PA. 
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CLINICAL AND EXPERIMENTAL 


THE DETERMINATION OF ULTRAFILTRABLE CALCIUM IN A 
VARIETY OF CLINICAL CONDITIONS 
ANANDA S. Prasap, M.B., B.S., Pa.D., AND EpmuNb B. Furx, M.D., Pu.D. 
MINNEAPOLIS, MINN. 


HE lack of a convenient method for ultrafiltration has been responsible for 

the paucity of clinieal investigation of ultrafiltrable calcium, which in turn 
is an approximation of ionie calcium. The method for the determination of 
ultrafiltrable calcium as reported by us previously’ is convenient and useful 
for this purpose. The results of the determination of ultrafiltrable calcium in 
different clinical disorders in a large group of patients will be reported. 


METHODS 


Blood was collected under oil, Total and ultrafiltrable calcium was determined by 
Clark and Collip’s modification of Kramer and Tisdall’s method.2 Ultrafiltration was done 
by a method reported by us previously... When acidosis or alkalosis was present, the 
centrifuge tube was flushed with proper CO, and O, gas mixtures as described previously. 
In these cases the serum pH was determined before and after ultrafiltration by means of a 
research model Cambridge pH meter using anaerobic electrodes at 37 C.° Flushing of the cen 
trifuge tube was considered unnecessary when there was no clinical evidence for acid base 
disturbance (see Discussion). Total protein was determined by the biuret method.’ Albu- 
min and globulin ratio was also determined.4,5 Phosphorus was determined by the 
method of Fiske and Subbarow.6 The normal values for our laboratory for total and ultra- 
filtrable calcium are as follows: total calcium, 9.84 mg. per cent (S.D. +0.46); ultrafiltrable 
calcium, 5.24 mg, per cent (8.D, +0.214); and percentage of ultrafiltrable caleium, 53.3 per 
cent (S.D, +2.48).1 A difference greater than 3 times the standard deviation from the normal 
mean value was used to decide if the particular values were abnormal. 


From the Medical Service, Veterans Administration Hospital, and the Department of 
Internal Medicine, University of Minnesota, Minneapolis, Minn. 


Presented in part at the American Federation for Clinical Research, Chicago, Oct. 31, 
1957 (Clin. Res. Proc. 5: 301, 1957). 


Received for publication Dec. 6, 1957. 
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PRASAD AND FLINK 


J. Lab. & Clin. Med. 
July. 1958 
RESULTS 
The ultrafiltrable serum calcium in patients with hyperparathyroidism, 
hypoparathyroidism, and metabolic acidosis with and without hyperphospha- 
temia has been plotted against the total serum calcium in Fig. 1. Eight pa- 
tients with hyperparathyroidism were investigated. Elevated values for both 


@ Hyperporathyroidism 
@ Metobolic acidosis with 
hyper phosphotemio 
© Metabolic acidosis 
& Hypoporathyroidism 


5 6 
Uf Ca mg. % 


Fig. 1.—Central rectangular area has been drawn to represent normal mean values for 
total and ultrafiltrable calcium with one standard deviation range. The straight line has been 


drawn qonumning the normal mean percentage of ultrafiltrable calcium to be 53 per cent of the 
total calcium. 


total and ultrafiltrable calcium were found in 6 eases. One patient, A. B., had 
a normal total caleium but an elevated ultrafiltrable calcium. This was a 56- 
year-old white woman whose illness dated back to 1953. In 1955, a diagnosis 
of disseminated lupus erythematosus and Sjégren’s syndrome was made. Be- 
cause of her protein abnormality a total and ultrafiltrable calcium were deter- 
mined and found to be 10.4 and 6.8 mg. per cent, respectively. This suggested 
hyperparathyroidism ; accordingly, further studies were carried out and later 
a parathyroid adenoma was removed. Following this the dysphagia and dry- 
ness of the mouth and eyes disappeared. A few weeks postoperatively the 
total and ultrafiltrable calcium were 8.2 and 4.0 mg. per cent, respectively. 
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ee 2 DETERMINATION OF ULTRAFILTRABLE CALCIUM 

Another patient, C. O., was uremic and had a history of renal calculi. The 
total and ultrafiltrable calcium were 10.8 and 5.0 mg. per cent, respectively. 
Blood urea nitrogen was 150 mg. per cent. On foreed fluid therapy the blood 
urea nitrogen decreased to 19 mg. per cent and the total calcium and phos- 
phorus were 13.1 and 2.6 mg. per cent, respectively. At this time parathy- 
roidectomy was considered necessary and an adenoma was removed. 

Five patients with hypoparathyroidism had decreased ultrafiltrable cal- 
cium ranging from 2.5 to 4.2 mg. per cent with total calcium ranging from 5.8 
to 8.2 mg. per cent. 

The results in patients with metabolic acidosis and associated hyperphos- 
phatemia are also presented here. In all these patients the ultrafiltrable eal- 
cium was markedly decreased. In this group the serum phosphorus ranged 
from 9.2 to 12.0 mg. per cent. The initial serum pH ranged from 7.20 to 7.27, 
and the pH at the end of ultrafiltration ranged from 7.30 to 7.60. The blood 
urea nitrogen ranged from 87 to 160 mg. per cent. 

In 5 other cases of metabolic acidosis presented here, the range for blood 
urea nitrogen was 62 to 133 mg. per cent and’serum phosphorus ranged from 
4.3 to 7.8 mg. per cent. The initial serum pH range was 7.22 to 7.40 and the 
pH after ultrafiltration ranged from 7.42 to 7.63. In these cases the ultra- 
filtrable calcium was normal except in one where it was elevated. This patient 
had earbon tetrachloride poisoning. He had a normal total calcium but the 
ultrafiltrable calcium was increased. Although the serum phosphorus was 
somewhat increased in this group also, it was not quite so marked as in the 
previous one. 

Two cases of metabolic alkalosis, not shown in this figure, had normal 
total and ultrafiltrable caleium. One patient, C. H., had duodenal ulcer with 
pylorie obstruction. He developed severe vomiting, metabolie alkalosis and 
renal failure. The blood urea nitrogen was 93 mg. per cent and serum phos- 
phorus was 12.6 mg. per cent. The initial serum pH was 7.47 and at the end 
of ultrafiltration it was 7.77. He had manifest tetany on admission. The total 
and ultrafiltrable calcium were 9.2 and 3.6 mg. per cent, respectively. <A de- 
tailed report of this case has appeared elsewhere.'* 


TasLe I. ELevarep ULTRAFILTRABLE CALCIUM IN CASES OTHER THAN HYPERPARATHYROIDISM 


| TOTAL Ca | 
| (M@./100| ur.Ca | PERCENT) TOTAL | 
PA- ML. (Ma./100) OF PROTEIN | ALBUMIN | GLOBULIN 
TIENT | SERUM) | ML, UF.) UF. Ca | (GM. %)| (GM. %)| (GM. %) MISCELLANEOUS DATA 
0. 16.0 6.6 41.2 Metastatic carcinoma of 
breast 
13.6 6.6 48.5 5. Metastatie carcinoma of 
breast 
14.6 53.4 . J Metastatic carcinoma of 
rectum; phosphorus 3.2 
mg. per cent 
15.3 43.1 5.3 7 Multiple myeloma 
Multiple myeloma 
Multiple myeloma 
Multiple myeloma 
Multiple myeloma 
Multiple myeloma 
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The patients with an elevated ultrafiltrable calcium in conditions other 
than hyperparathyroidism and metabolic acidosis without hyperphosphatemia 
are presented in Table I. Out of 15 cases of multiple myeloma, elevated ultra- 
filtrable calcium was found in 6 instances. In two eases, A. A. and E. H., in- 
creased ultrafiltrable calcium was associated with normal total calcium, Both 
of these cases had marked protein abnormalities. The other patients with 
multiple myeloma had normal ultrafiltrable calcium (see Table Ill). Three 
ceases of metastatic carcinoma had both total and ultrafiltrable caleium in- 
creased. 

Table IL shows the results where decreased values for ultrafiltrable cal- 
cium were found in cases other than hypoparathyroidism, hyperphosphatemia, 
and muscular dystrophy. These patients were chronically ill and debilitated. 
Four patients with thyrotoxicosis were studied. Two of these had low ultra- 
filtrable calcium. Out of 19 cases of cirrhosis of the liver, 3 had decreased 
ultrafiltrable calcium. Three cases of idiopathic steatorrhea were studied, one 
of which had decreased ultrafiltrable caleitum. A case of idiopathic hypo- 
albuminemia which had decreased ultrafiltrable calcium is also ineluded in 
this table. 


TABLE IT. Decreasep ULTRAPILTRABLE CALCIUM IN CASES OTHER THAN HYPOPARATHYROIDISM, 
HYPERPHOSPHATEMIA, AND MUSCULAR DYSTROPHY 


Cal — 
(mG./100| vr. Ca | PER cent) 


PA- ML. (MG./100) Or | PROTEIN | ALBUMIN rar 

TIENT | SERUM) | ML. UF.) | UF.Ca | (GM. %)| (GM. %)| (GM. %) MISCELLANEOUS DATA 

J. H. 10.4 4.2 40.4 7.5 3.5 4.0 Hyperthyroidism 

J. E. 9.0 4.3 47.8 5.3 1.5 3.8 Hyperthyroidism 

N. B. 8.8 3.5 39.8 4.4 1.9 2.5 Idiopathic hypoalbumine- 
mia 

A.J. 7.5 4.2 56.0 5 2.2 2.3 Cirrhosis of liver 

GZ. 7.6 4.4 57.9 a3 2.7 1.0 Cirrhosis of liver 

dD. W 8.8 4.0 45.4 6.1 1.7 4.4 Cirrhosis of liver 

te 6.2 3.6 58.0 6.3 Idiopathic steatorrhea 

T.G 7.8 4.0 51.3 4.9 1.6 3.3 Carcinoma of stomach 


The data obtained in miscellaneous conditions are shown in Table IIL. 
Out of 4 cases of sarcoidosis, one had inereased total caleium, but the ultra- 
filtrable calcium was normal in all the eases. In 27 eases of hypoalbuminemia 
the majority had normal ultrafiltrable ealeium. A high percentage of the 
ultrafiltrable calcium was found in 3 instances associated with marked hypo- 
albuminemia. Seven patients with renal caleuli of unknown etiology, 2 pa- 
tients with macroglobulinemia, one with hypogammaglobulinemia, one with 
Paget’s disease, and one with myasthenia gravis had normal total and ultra- 
filtrable calcium. Seven cases of muscular dystrophy and one case of dermato- 
myositis had decreased ultrafiltrable calcium. In other cases of muscular dys- 
trophy which were investigated, the ultrafiltrable caleium was within the 
normal range. 

The cases with decreased total caleitum but normal ultrafiltrable ealeium 
are presented in Table LV. All of these had low serum albumin. 
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A comparison of values of ultrafiltrable calcium when it was determined 
directly from that obtained by MeLean and Hasting’s nomogram’ and Ziesler’s 
mathematical formula® is shown in Table V. In the cases reported here, poor 


agreement between the actual values and the derived ones was found in the 
abnormal conditions. 


TOTAL Ca| 
| (MG./100) Ur.Ca | PERCENT) TOTAL 


PA- ML. |(MG./100| OF | PROTEIN | ALBUMIN |GLOBULIN 

TIENT | SERUM) | ML. UF.) | UF.Ca | (GM. %)| (GM. %) | (GM. %) MISCELLANEOUS DATA 

J. M. 8.2 4.6 56.1 6.0 1.9 4.1 Chronic osteomyelitis; CA 
of ampulla of Vater 

A. R. 8.2 4.8 58.5 6.3 1.8 4.5 Cirrhosis of liver 

ye 7.8 5.5 70.5 5.7 1.6 4.1 Cirrhosis of liver 

A. A. 8.4 4.9 58.3 4.2 1.9 2.3 Idiopathic steatorrhea 

8.58. 8.2 4.8 58.5 5.7 2.6 3.1 Idiopathie steatorrhea 

E. L. 8.0 5.6 70.0 3.7 1.1 2.6 Nephrotie syndrome 

R.B 6.0 4 80.0 5.9 1.9 4.0 Nephrotie syndrome 

M. G 8.2 4.6 56.1 4.2 2.0 2.2 Nephrotie syndrome 

\.W 8.0 5.2 65.0 4.7 1.2 3.5 Arteriosclerotic heart dis- 
ease 


TABLE V. COMPARISON OF DikEcT AND INDIRECT DETERMINATION OF ULTRAFILTRABLE CALCIUM 


TOTAL ULTRAFILTRABLE CALCIUM (MG. %) | = 
CALCIUM DIRECT USING USING | 
PATIENT (MG. %) METHOD | FORMULA* | NoMOGRAM | MISCELLANEOUS DATA 
F. J. 10.2 4.8 4.4 4.5 Normal 
O. H. 9.6 5.0 4.7 4.6 Normal 
F.C. 9.6 5.2 4.0 4.0 Renal calculi 
M. L. 10.0 5.3 3.9 4.0 Renal calculi 
D. 8. 11.0 5.2 4.3 4.5 Hyperthyroidism 
J. M. 9.8 5.4 4.2 4.2 Cirrhosis of liver 
B. A. 13.4 7.2 5.7 6.0 Hyperparathyroidism 
H. V. 9.4 5.4 4.0 4.0 Blastomyeosis 
O. K. 9.3 5.1 3.7 3.6 Duodenal ulcer 
6 Total Calcium — Total Protein 
*Ziesler's Formula: lonic Calcium = — : 


~ 6 + Total Protein 


DISCUSSION 


Several workers” * '° believed that the level of the ultrafiltrable calcium 
is under the influence of the parathyroid glands. Recently Hopkins and as- 
sociates'' ** have reported that all but one of a group of 9 patients with hyper- 
parathyroidism had ultrafiltrable calcium values distinctly higher than their 
normal series. Their 8 patients with hypoparathyroidism had values distinctly 
lower than their normal individuals. Patients with diseases of bone having 
elevated total serum calcium values had elevated ultrafiltrable calcium. Their 
results differ in one respect from ours. The percentage of ultrafiltrable cal- 
cium is consistently greater in their cases than ours. They saturated the serum 
with 5 per cent CO, and O, prior to ultrafiltration in every case and reported 
that 65 to 75 per cent of the total calcium was ultrafiltrable in the normal 
persons. We have tried to explain this difference by the fact that the pH is 


6 
| 
| 
TABLE IV. Cases Having Low Torat CaLtctum But NoRMAL ULTRAFILTRABLE CALCIUM 
| | 
3 
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initially lowered below normal by handling the serum in this way.’ Recently 
Toribara, Terepka, and Dewey*™ have reported that for healthy human sub- 
jects the range of ultrafiltrable calcium is 60 to 70 per cent of the total. Table 
VI shows the results obtained by using Toribara’s techniques in the normal 
individuals. The blood was collected under oil and the tubes containing serum 
in the cellophane casing were flushed with 5 per cent CO, and O, for 30 to 50 
seconds instead of 3 minutes as done by Toribara and co-workers." In the 
normal persons the mean ultrafiltrable calcium was 5.24 mg. per cent, the 
mean percentage was 54.3 per cent of the total serum calcium, and the range 
of pH of the residual serum was 7.40 to 7.75. Table VII shows that diffusion 


TABLE VI. ULTRAFILTRABLE CALCIUM IN NORMAL SERA 


TOTAL Ca | PER CENT UF. pH OF SERUM | TOTAL PROTEIN 

PATIENT | (MG.%) | Ca AT END OF UF. (GM. %) 
H. 8. 9.3 
L. D. 10.3 
9.4 
R. B. 9.5 
10.0 


Mean 9.57 5. 54.3% pH range 7.40 to 7.75 
Ultrafiltration was done by using Toribara’s tubes. Fifteen milliliters of serum was 
centrifuged for 6 hours. The tubes were flushed for 30 to 50 seconds with 5 per cent CO: 
and 95 per cent O» prior to ultrafiltration. Blood was collected and serum separated under oil. 
PH was determined by means of a research model Cambridge pH meter using anaerobic 
electrodes at 37° C. The percentage was calculated without correction for the volume occupied 
by solids of sera. 


TABLE VII 


PLASMA COLLECTED UNDER OIL PLASMA EXPOSED TO AIR 
pH BEFORE | pH AFTER pH BEFORE pH APTER 
SAMPLES EQUILIBRATION | EQUILIBRATION EQUILIBRATION EQUILIBRATION 
7.40 7.70 a2 
.30 


25 


25 
26 


7.81 


7.60 


7.60 


Five per cent CO: and 95 per cent O» were allowed to diffuse for 3 to 4 minutes outside 
the cellophane casing containing plasma in ultrafiltration tubes as described by Toribara. 


of 5 per cent CO, in O, outside the cellophane casing containing serum for 3 
to 4 minutes in Toribara’s tubes results in an initial decrease in the serum pH 
level. We believe this accounts for their higher values of ultrafiltrable eal- 
cium in normal sera. Furthermore, in Toribara’s paper (Table 1),’° the pH 
of the residual serum in all instances was lower than the respective initial 
samples. As the temperature is lowered further, more CO, is dissolved in the 
serum and a further decrease in pH may be expected. The decreased serum 


O. K. 9.3 5.1 54.8 7.44 
5.2 55.0 
; E. W. 9.2 5.1 55.4 7.57 
M. V. 10.0 5.3 53.0 7.60 7.2 
V.8. 9.5 5.5 57.6 7.70 7.5 
P. 10.0 5.0 50.0 7.45 
Ww. 9.8 5.2 53.0 7.40 
3 7.35 |__| 
4 7.36 | 
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pIL initially would explain their increased values of ultrafiltrable calcium at 
lower temperatures. The biologie methods as used by MeLean and Hastings" 
and the indirect evidence obtained by in vitro calcification of rachitie rat 
cartilage in normal and pathologie human sera as reported by Yendt, Connor, 
and Howard" support the idea that in normal individuals the extracellular 
fluid calcium (ultrafiltrable calcium) concentration is less than that reported 
by Hopkins and associates'* and Toribara and co-workers.™* 


12 


Total Calcium, mq. /100 ml. 


1 


3 4 § 6 7 8 
Ultrafiltrable Calcium, mq. “100 ml. 
: Fig. 2.—Group I (¢), serum handled under oil. pH was conguetind by allowing 5 per cent 
CO: in O2 to diffuse outside the casing containing serum. Group II (A), serum handled under 


oil but 5 per cent CO, not diffused outside the casing containing serum. 


As shown in Fig. 2, it is evident that the values for ultrafiltrable calcium 
obtained in Group I and II overlap each other and, statistically, are not sig- 
nificantly different. In both the groups the blood was collected under oil and 
the subjects were normal individuals. In Group I, 5 per cent CO, in O, was 
allowed to diffuse outside the casing containing the serum, as described previ- 
ously* but in Group II this procedure was not carried out. In the latter group, 
the pH of the serum at the end of ultrafiltration ranges from 7.65 to 7.85. 
This indicates that separation of serum under oil and transfer to the easing with- 
out much delay for ultrafiltration is adequate in cases not associated with acid- 
base disturbance. However, we believe that if the serum is not separated under 
oil, the pH may change considerably more and this may result in lower values 
for ultrafiltrable caleium. 

The results reported here indicate that the ultrafiltrable calcium is usually 
elevated in hyperparathyroidism and is reduced in hypoparathyroidism. In 
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one patient, C. O., with hyperparathyroidism and uremia, the total and ultra- 
filtrable caleium were normal. Although a serum phosphorus was not done at 
the time the ultrafiltrable calcium was determined, one may presume that 
hyperphosphatemia due to renal failure was present. The normal level of 
ultrafiltrable calcium in the presence of hyperphosphatemia may possibly sug- 
gest hyperparathyroidism, but this cannot be stated categorically from this one 
instance, Subsequently with proper fluid therapy the blood urea nitrogen re- 
turned to normal level and hyperealeemia and hypophosphatemia became ap- 
parent, Later a parathyroid adenoma was removed. 

In some cases of marked hypoalbuminemia a normal absolute value but 
an increased percentage of ultrafiltrable calcium was noted. In one patient 
the total calcium was 6.0 mg. per cent. In spite of the low total calcium the 
absence of signs of tetany was explained when the ultrafiltrable caleium was 
determined and found to be 4.8 mg. per cent. Another patient with hypo- 
albuminemia had a low total serum calcium (7.8 mg. per cent) but the ultra- 
filtrable calcium was 5.5 mg. per cent which explained the absence of any 
symptoms or signs referable to hypocaleemia. Thus, a low total calcium may 
be associated with normal ultrafiltrable calcium. It appears that a decreased 
total calcium level in eases of cirrhosis or nephrotic syndrome or other states 
associated with hypoalbuminemia are accounted for by a decrease in the pro- 
tein-bound calcium. 

In acidosis associated with hyperphosphatemia, a decreased ultrafiltrable 
ealeium level was found. The eardiae effects in uremia with hyperphospha- 
temia and hyperkalemia may be related to concomitant decrease in the level 
of ionie calcium. Recently ventricular fibrillation and cardiac arrhythmias 
occurring after hypercapnia in dogs have been attributed to hyperkalemia in 
the presence of decreased ultrafiltrable calcium concentration.’® The man- 
ner in which an increased concentration of phosphate results in a decrease in 
the ultrafiltrable calcium is not clear at present. It is possible that some non- 
filtrable calcium phosphate compound is formed and the probability of such an 
event with these high concentrations of phosphate seems likely. 


SUMMARY 


Serum ultrafiltrable calcium was determined in a large series of patients. 
Elevated values were found in hyperparathyroidism, in some cases of multiple 
myeloma and metastatic cancer, and in acidosis not associated with marked 
hyperphosphatemia. Decreased values were found in hypoparathyroidism, in 
cases associated with hyperphosphatemia and in a few other debilitated states. 
In some cases of muscular dystrophy a lowered percentage of ultrafiltrable 
calcium was observed, the exact significance of which remains unknown at 
present. In cases of metabolic acidosis with hyperphosphatemia and hyper- 
kalemia, the cardiac effects may be related to hyperkalemia and concomitant 
decrease in the level of ionic calcium. 

Determination of the ultrafiltrable calcium has led to the correct diag- 
nosis or to better understanding of the status of serum calcium in some of the 
eases reported here. 
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A normal total ealeium may be associated with abnormal ultrafiltrable 


calcium, particularly in cases with abnormal proteins, acidosis, alkalosis, and 
hyperphosphatemia. 


6. 


3, 


A comparison of determined ultrafiltrable caleium with that caleulated 
from the MeLean and Hastings nomogram or Ziesler’s mathematical formula 
showed poor agreement in abnormal eases, which were investigated in this 
study. 
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SOME OBSERVATIONS ON PATIENTS WITH HYPERCALCEMIA 
EXEMPLIFYING PROBLEMS IN DIFFERENTIAL DIAGNOSIS, 
ESPECIALLY IN HYPERPARATHYROIDISM 


Wituiam C. as, Jr., M.D., Tuomas B. Connor, M.D.,* 
Hl. GEMMELL Moraan, M.R.C.P.E.** 
Mp. 


T HAS been approximately 30 years since hypercalcemia was first recognized 

in patients with hyperparathyroidism’* and in those given large amounts 
of vitamin D.° Sinee these early observations, it has become evident that an 
increase in concentration of serum ecaleium may occur in a variety of clinical 
disorders. As hyperealeemia per se is injurious,’ or even lethal,® to the indi- 
vidual, recognition of the cause and prompt correction is important. Often, 
the diagnostic problem is one of differentiating hyperparathyroidism, which 
requires surgical intervention, from other causes of hyperealeemia. The eti- 
ologie possibilities that must be considered are listed in Table I. Each of these 


TABLE I. CAUSES OF HYPERCALCEMIA OTHER THAN HYPERPARATHYROIDISM* 

Laboratory error 

Neoplastic disease (with or without demonstrable skeletal metastases ) 
lymphoma; leukemia; multiple myeloma; carcinoma of lung, 
kidney, G.I. tract, ovary, breast, ete. 

Sarcoidosis 

Hypervitaminosis D 

Milk-alkali syndrome 

Hyperthyroidism 

Idiopathic hypercaleemia of infants 

Acute skeletal atrophy of disuse 


*Hype realcemia may occur in other situations, e.g., in acute adren: ul insuffic iency and in 
citrate intoxication, but, if present under such circumstances, seldom presents a problem in 
differential diagnosis. 


maladies may be accompanied by hyperealeemia, and, at times, hypophospha- 
temia. Because the history, physical examination, and usual clinical studies 
may not afford sufficient evidence for precise diagnosis, additional aids have 


been sought. Recently the response to intravenous calcium,*'® measurement 
of tubular reabsorption of phosphorus,'’"* and the effect of cortisone or related 
steroids,’**"® have been used in the study of patients with hyperparathyroidism 
and, by some, have been deemed of value in recognizing the presence of this 


From the Department of Medicine of the Johns Hopkins School of Medicine and Hospital. 

These studies were carried out under the sponsorship of Dr. John E. Howard and were 
supported in part by a contract between the Atomic Energy Commission and Johns Hopkins 
University. 


Received for publication Dec. 9, 1957. 
*Present address: University of Maryland School of Medicine, Baltimore, Md. 
**Present address: Royal Infirmary, University of St. Andrews, Dundee, Scotland. 


11 


12 THOMAS, CONNOR, AND MORGAN J. Lab. & Clin. Med. 


July, 1958 


disorder. Oddly enough, little or no attention has been given to the limita- 
tions of these procedures in distinguishing one cause of hypercalcemia from 
another. Observations herein reported indicate that, although these studies 
provide informative data on patients with hypercalcemia, their use in differen- 
tial diagnosis of such states may be misleading. 


METHODS 


Intravenous Calcitwm.—The procedure utilized was that reported by Howard, Hopkins, 
and Connor.? Patients were given a constant, low-calcium diet for 3 days; 24-hour urine 
samples were collected daily; and on the morning of the second day an infusion of saline 
containing 12 to 15 mg. of caleium (as calcium gluconate—glucoheptonate) per kilogram of 
body weight was administered in 4 hours. During this day, and often on the first control 
day as well, blood was obtained at 4-hour intervals for determination of caleium and phos- 
phorus. 


Tubular Reabsorption of Phosphate.—This procedure was carried out after an overnight 
fast. The patients were hydrated orally and kept in bed during the test. Voided urine was 
collected for 2 consecutive 1-hour periods (an occasional female patient was catheterized). 
Blood for determination of caleium, phosphorus, and creatinine was obtained during the 
period of urine collection. Despite recognized limitations of the method, glomerular filtration 
rate (GFR) was determined for each period by the clearance of endogenous creatinine.16 
Tubular reabsorption of phosphate (TRP), expressed as per cent of that filtered and as milli- 
grams per 100 ml. glomerular filtrate (GF), was calculated in accordance with previous sug- 
gestions.19, 12,17,18 The duplicate collections provided a guide as to the reproducibility of 
results by this technique. Restriction of dietary phosphorus, a procedure which increases the 
per cent but apparently not the amount of phosphorus reabsorbed by the renal tubules,1° was 
not attempted. 


Administration of Cortisone or Related Steroids——The route of administration and 
dosage were not constant. When possible, cortisone was given orally at 12-hour intervals 
according to the following schedule: 300 mg. for one day, then 200 mg. daily for 5 days 
followed by 100 mg. daily for 5 or more days. In a number of patients similar doses of 
cortisone or hydrocortisone were given intramuscularly. Prednisone was used in the occasional 
patient with heart disease. 


Chemical Determinations.—Calcium was determined by the Clark and Collip modification 
of Kramer and Tisdall’s inorganic phosphorus by the Umbreit?¢° modification of 
the method of Fiske and Subbarrow,2! and creatinine in serum and urine by the method of 
Peters.22 


RESULTS 


Intravenous Calcium.—The changes occurring in serum and urine of control 
patients given calcium intravenously have been described previously® * and 
consist essentially of the following: by the fourth hour after completion of 
the infusion, the concentration of serum phosphorus increases 1.4 to 3.0 mg./ 
100 ml.; the 24-hour urine phosphorus content decreases from 18 to 66 per 
cent of that obtained on the control day; and the urinary caleium increases on 
the test day by an amount equal to 35 to 55 per cent of the injected dose.* 


*These authors* ' interpreted the changes in serum and urine of such patients as follows: 
As a rise in concentration of serum phosphorus occurs in hypoparathyroid patients and also 
in normal individuals given calcium intravenously, this increase would seem to be due largely 
to a shift of inorganic phosphorus from cellular to extracellular fluid. The decrease in 
urinary phosphorus age | in normal patients after calcium administration does not occur 
in patients with hypo- and hyperparathyroidism, and thus in normals is possibly a reflection 
of decreased parathyroid hormone secretion consequent to the induced hypercalcemia, 
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ae yy DIFFERENTIAL DIAGNOSIS IN HYPERCALCEMIA 13 

Calcium has been administered intravenously to 18 patients with hyper- 
parathyroidism (proved subsequently by operation) and 10 patients with 
hyperealeemia due to other causes. (Detailed observations on these and other 
patients given caleium intravenously are to be reported separately.**) In all 28 
of these patients the responses were similar and differed from those occurring 
in normal individuals. The maximal increase in concentration of serum phos- 
phorus was usually less than 1.1 mg. per cent.* The urinary phosphorus on 
the day of infusion was either only slightly less (0 to 20 per cent) or actually 
more than on the control day. The changes occurring in hyperealeemie and 
normocaleemie patients given calcium intravenously are illustrated by the 
examples in Fig. 1. The observations on patients with hyperparathyroidism 


HYPERPARA- 
THYROIDISM 
SERUM mg % 


cof 


Fig. 1.—Alteration in serum and urine phosphorus after calcium administration. *Data on 
normal patient previously reported.’ 


are in accord with those previously reported.’ In the 10 patients with hyper- 
caleemia due to causes other than hyperparathyroidism the concentration of 
serum calcium was 12 mg. per cent or greater. In 4 additional patients with 
various disorders in whom the concentration of serum caleium ranged from 
11.0 to 11.9 mg. per cent the response to calcium intravenously was normal in 
two and like that in patients with a greater degree of hyperealecemia in the 
remaining two. That the response to calcium intravenously is nearly identical 
in patients with hyperparathyroidism and in those with hypercaleemia of 
other etiology is not surprising and will be discussed subsequently. 

*Although in one patient with hyperparathyroidism the phosphorus concentration of the 


serum increased 1.6 mg. per cent, the urinary phosphorus in this patient increased 11 per cent 
on the day of infusion rather than decreased as would be expected in normal persons. 
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Tubular Reabsorption of Phosphate (TRP)*.—The results obtained in 3 
groups of patients are recorded in Table Il. The TRP in 7 patients who did 
not have azotemia or hyperealeemia ranged from 84 to 91 per cent of the 


TABLE IT. 


TUBULAR REABSORPTION OF PHOSPHATE IN NORMOCALCEMIC AND 
HYPERCALCEMIC PATIENTS 


|SORBED (MG. 
NO. OF Ca P | NPN 100 Mi. TRP 
PATIENTS | PATIENT | DIAGNOSIS (MG. %)|(MG. %)|(MG. %)} GF) (%) 
7 Normocaleemia < 10.7 2.8-4.6 28-32 2.1-4.4 84-91 


Hyperparathy- 12.2 2.1 29 1.2 59 


roidism 

H. B.  Hyperparathy 12.8 2.1 25 1.6 75 
roidism 

J.C, Hyperparathy 11.6 2.2 26 1.9 86 
roidism 

E. G.  Hyperparathy 12.0 2.4 28 1.9 
8 roidism 

J. W. Hyperparathy- 15.9 2.3 37 1.3 55 
roidism 

W. Hyperparathy- 13.4 2.0 37 1.2 63 
roidism 

&. P. Hyperparathy- 15.5 1.7 25 0.7 43 
roidism 

M. O. Hyperparathy- 11.5 1.6 35 1.1 66 
roidism 


Carcinoma of 


lung 

Jd. TF. Multiple mye 17.8 4.3 77 2.5 59 
loma 

J. W. Intraperitoneal 15.2 2.0 45 1.1 57 
eare., primary 
site? 


Hypervitaminosis 


Carcinoma of 


lung 

F. D. Multiple mye- 14.0 3.2 83 1.2 37 
loma 

Cc. H. Carcinoma of 15.0 3.2 53 1.9 62 


bladder 


filtered phosphorus, values which are in agreement with those reported for 
normals by this method.’ In 8 patients with hyperparathyroidism, 
only two of whom had slight azotemia, the tubular reabsorption of phosphorus 
varied from 55 to 86 per cent, whereas in 7 patients with hyperealeemia of 
other etiology the values were also low, ranging from 37 to 81 per cent. In 
this latter group of patients azotemia was present in all except one, and the 
creatinine clearance was in general much lower in these patients (17 to 64 ml. 
per min.) than in those with hyperparathyroidism (61 to 114 ml. per min.). 
The phosphorus reabsorption expressed as milligrams reabsorbed per 100 ml. 


*Urinary phosphorus is currently considered to represent that phosphorus filtered by the 
glomeruli, but not reabsorbed in the renal tubules.“ That the tubules may actually secrete 
phosphorus must be considered a possibility pending more definitive studies. In one patient 
with hypophosphatemia” and several with markedly impaired renal function™ available data 
does suggest the possibility of tubular secretion of phosphorus. 


. Ve 16.5 3.3 52 1.9 57 

7 C2. 11.0 34 40 2.7 81 

I) 

4 3.6 15.5 3.0 29 15 52 
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glomerular filtrate in the 3 groups of patients was as follows: normocaleemie 
patients, 2.1 to 4.4 mg.; patients with hyperparathyroidism, 0.7 to 1.9 mg.; 
and those with hyperealeemia of other etiology, 1.1 to 2.7 mg. Thus, phos- 
phorus reabsorption calculated either as per cent TRP or as mg. per 100 ml. 
glomerular filtrate was quite similar in the 2 groups of hyperealeemie patients. 

The clearance of endogenous creatinine does not approximate glomerular 
filtration rate in patients with impaired renal function ' *? and this may have 
introduced considerable error in some of the above caleulations.* However, 
the data of Goldman and Bassett®* demonstrate that a markedly reduced glo- 
merular filtration rate is accompanied by a relative increase in phosphorus 
excretion, and this may account for the low TRP in those patients with hyper- 
ealeemia of nonparathyroid origin. 


CALCIUM MG. % 
= — 
Oo = 


o 


PN MG %_ 
$88 


/ 


8 


200 MG. 60 MG. 

100 conrisone L— 306.4 METICORTEN 

3691215 6 3 6 9 12 IS 18 2 24 27 

DAYS 


Fig. 2.—Effect of adrenal steroids in patients with hypercalcemia. 


Administration of Cortisone or Related Steroids.—During the past 3 years 
15 patients with hyperealeemia of known etiology have been given cortisone, 
hydrocortisone, or prednisone. In 3 patients with hyperparathyroidism and 
6 patients with hypercalcemia of other etiology this therapy did not lower 
the concentration of serum ealeium. The 6 remaining patients, none of whom 
had hyperparathyroidism, became normocalcemie after 5 to 14 days of treat- 
ment. Illustrative examples of the inconsistent response on steroid adminis- 
tration to hypercaleemic patients are given in Fig. 2. 

*To circumvent such errors one may simply use the phosphorus clearance to express 


over-all transport of phosphorus through the kidney. By this means, also, the values obtained 
in both groups of hypercalcemic patients were similar. 
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DISCUSSION 


Present evidence suggests that hormone output by the parathyroid glands 
is determined by the concentration of ionized calcium in extracellular fluid.** 
Hypercalcemia apparently reduces the activity of the parathyroid glands,” 
whereas hypocaleemia increases secretion of parathyroid hormone.** That such 
responsiveness does not exist in primary hyperparathyroidism is obvious, for, 
if so, patients with this disorder would themselves correct the hypercaleemia.’ 
Conversely, in hyperealcemia due to other causes the parathyroid glans 
should be functionally at rest. Thus, with respect to the amount of circulating 
parathyroid hormone, individuals with hypoparathyroidism may be analogous 
to those with hypercaleemia of nonparathyroid origin. If these tenets be 
valid, the essentially identical results obtained on administration of calcium 
intravenously to patients with hypo- and hyperparathyroidism,®* and to 
those with hyperealeemia due to other causes, become explicable in that in 
each disorder the amount of circulating parathyroid hormone would not be 
altered by the calcium infusion. Moreover, these observations confirm previ- 
ous predictions as to the expected results in patients with hypercalcemia of 
nonparathyroid origin.° 

That parathyroid hormone affects urinary phosphorus excretion is well 
known,**-** and most,’®"* but not * (J. D., Table II), patients with pri- 
mary hyperparathyroidism have a reduced tubular reabsorption of phosphate. 
The patients with hypercalcemia due to other causes (Table IT) also had a low 
phosphate reabsorption. In these latter patients poor renal funetion probably 
accounted for the results obtained.** Although hypercalcemia is known to be 
deleterious to renal function,‘ the data of Schaaf and Kyle’ and of Hiatt and 
Thompson®* would indicate that transient hypercalcemia does not specifically 
impair the tubular reabsorption of phosphate. 

The studies herein reported were conducted in hyperealeemie patients 
as they were encountered and without regard to existing renal disease. Many 
of these patients had markedly impaired renal function and the results ob- 
tained indicate that caution must be exercised in utilizing the phosphorus re- 
absorption as an aid in differential diagnosis of hyperecaleemie states. More- 
over, impaired reabsorption of phosphate has been noted in patients with a 
variety of disorders in addition to those mentioned. Among these are patients 
with Cushing’s syndrome, cirrhosis of the liver, resistent rickets, myx- 
edema,'* * the Fanconi syndrome,*® and renal ealeuli.** Thus, it appears that 
in any disorder in which either phosphorus metabolism or renal function is 
affected, tubular reabsorption of phosphate may be low. 

Cortisone administration has been found effective in reducing the con- 
centration of serum calcium in many, but not all, patients with hyperealeemia 
of nonparathyroid cause.** To our knowledge adrenal steroid adminis- 
tration has not lowered the ealeium concentration in any patient with 


*Whether or not other factors influence secretion of parathyroid hormone is not yet 


known. Some authors” consider the concentration of serum phosphorus to be one controlling 
factor in the secretion of parathyroid hormone. 
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hyperparathyroidism.’* ** Such observations incite speculation as to the mode 
of aetion of cortisone in these disorders,*’-** but are of limited value in the 
differential diagnosis of patients with hyperparathyroidism. 

As the 3 procedures diseussed have been of little value to us in differ- 
entiating patients with hyperparathyroidism from those with other causes 
of hyperealeemia, other means of establishing the correct diagnosis have been 
utilized. Reliable laboratory determinations and expert interpretation of 
roentgenograms have been indispensable. Although hypophosphatemia com- 
monly exists in patients with hyperparathyroidism who are not azotemic, it has 
also been frequently noted in those with hypercalcemia of other causes, e.g., 
vitamin D intoxieation,* the milk-alkali syndrome, multiple myeloma,* car- 
cinoma, Hodgkin’s disease,*’ and rarely in sareoidosis.** There is a high in- 
cidence of peptie ulcer in patients with hyperparathyroidism,*’ but this, too, 
is not of diagnostic value for uleerlike symptoms oceur frequently in patients 
with hypercalcemia of any origin.®: °° 

Recent study of a large series of patients with hyperparathyroidism has 
furnished several additional criteria of occasional use in establishing the diag- 
nosis.** Resorption of bone at the distal end of the elavieles may precede 
other distinctive radiologic manifestations of hyperparathyroidism.* Further- 
more, the CO, combining power is normal (less than 28 mEq./L.) or low in 
patients with hyperparathyroidism, whereas, in those with hyperealeemia of 
other etiology it is often high. (Of course marked azotemia may be aeceom- 
panied by a low CO, combining power in both groups of patients.) Finally, 
when the evidence suggests that the disorder has existed for many years, 
hyperparathyroidism is more likely than other causes of hyperecaleemia which 
are rarely of such duration. Thus, until a reliable and sensitive assay method 
for parathyroid hormone becomes available, the clinical diagnosis of hyper- 
parathyroidism depends, at least in our experience, on careful evaluation of 
all relevant data and an awareness of other disorders which may at times 
mimie this endocrinopathy. 


SUM MARY 

To establish the diagnosis in any particular hypercaleemiec state may be 
exceedingly difficult. Reeently, the response to calcium intravenously, tubular 
reabsorption of phosphate, and the effect of cortisone administration have 
been used in the study of hyperealcemie patients, but the results reported 
herein suggest that these procedures are of limited aid in differential diagnosis 
of such patients. Certainty in the recognition of hyperparathyroidism prior 
to surgical exploration is highly desirable, and several observations of possible 
assistance in this regard are discussed. 


We wish to express our appreciation to the many house officers of the Departments 
of Medicine, Surgery, and Urology, Johns Hopkins Hospital, whose cooperation made these 
studies possible. In addition we wish to thank Mr. Harry Eisenberg and Miss Sue Fulford 
for technical assistance. 


*We are indebted to Dr. David Gould, Department of Radiology, University of Arkansas 
Medical College, for these observations, 
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BLOOD CLEARANCE AND TISSUE DISTRIBUTION STUDIES IN THE 
DOG FOLLOWING INTRAVENOUS ADMINISTRATION OF 
RADIOACTIVE COLLOIDAL GOLD (AURCOLOID) 


AARON GANZ, Pu.D., AND MARSHALL BRUCER M.D. 
MEMPHIS, TENN. 


ITH increasing clinical use of radioactive colloidal gold, continuing studies 

of the disposition of this material in species other than man are indicated. 
Relatively few studies of this type have been published. In addition to possible 
clinieal application, information obtained in such studies may inerease our 
fundamental knowledge of the phagocytic process. 

Radioactive colloidal gold is usually used clinically by some form of local 
administration, such as intracavitary. Because of the following considerations, 
only the intravenous route was used in our experiments: 


1. The intravenous route has been used clinically in attempts to reach 


internal sites of deposition unobtainable with local forms of administration. 


2. Systemic toxic effects have been reported following local forms of admin- 


istration, indicating that eseape into the general cireulation may oceur.' 


3. The process of systemic phagocytosis can be most conveniently studied by 
introducing the particulate material direetly into the general circulation. 


For a variety of reasons, to be discussed, only the commercially available 
gold colloid preparation, Aurcoloid, was used in our experiments, although most 
of the previous investigators in this field prepared their own colloid. 


MATERIALS AND METHODS 


Randomly selected mongrel dogs of both sexes were anesthetized with sodium pento- 
barbital, administered intravenously in a dose of 25 to 30 mg, per kilogram and both femoral 
veins were exposed. At the time of manufacture, the specifie activity of the gold colloid 
solution varied from 20 to 40 me. per milliliter. This solution was then diluted with isotonic 
saline to achieve a final concentration of approximately 2 me. per milliliter. A dose of 2 to 
4 me. in a volume of 1 to 5 ml. was carefully injected into one of the femoral veins, the exact 
amount depending upon the radioactivity present at the time of injection. Aspiration of 
blood into the syringe both before and after injection ensured that the radioactive materials 
were introduced into the general circulation. The injection was made rapidly, in a period 
of less than 5 seconds. At various time intervals following the injection, blood samples were 

From the Division of Pharmacology, University of Tennessee, Medical Units Division, 
Memphis, Tenn., and the Medical Division, Oak Ridge Institute of Nuclear Studies, Oak Ridge, 
Tenn. The work at Memphis was performed under Atomic Energy Commission Contract No. 
AT-(40-1)-1640 

The _ radioactive colloidal gold (Au™) was prepared by Abbott Laboratories, North 
Chicago, IL, and Oak Ridge, Tenn. 

Received for publication July 2, 1957. 


*Research Participant, Medical Division, Oak Ridge Institute of Nuclear Studies, during 
summer of 1952. 
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taken from the opposite femoral vein. Volumes of 1 ml. were pipetted from each of the blood 
samples into 10 ml. volumetrie flasks and were brought to volume with water, effecting 
hemolysis. The entire 10 ml. solution was transferred to a standard container and the radio- 
activity determined using a Geiger-Muller tube with an end window thickness of 3.5 mg./cm.? 
to count the 0.97 MEV beta ray emitted by Au19%8, The animals were sacrificed by exsanguina- 
tion 1 to 1% hours following injection. The various organs and tissues to be analyzed were 
quickly removed. They were blotted to absorb excess blood. Fat and other extraneous tissues 
were carefully dissected away, and the organs and tissue were weighed. The gall bladder 
was carefully dissected away from the liver before the latter was weighed. Tissue samples 
routinely analyzed included liver, kidney, spleen, lung, bone marrow, heart, and skeletal muscle. 
All tissues were heated with nitrie and hydrochlorie acid until a homogeneous digest was 
obtained. This acid digest was quantitatively transferred to a volumetric flask of suitable 
size and was brought to volume using water and acetone. Dioxane was added to reduce 
the explosive hazards of acetone additon to the hot acid digests. A suitable aliquot was 
removed from the volumetric flask, diluted to the standard volume of 10 ml., transferred 
to a standard container, and counted as described above. All samples were counted under 
identical conditions of geometry for at least 5,000 counts or 10 minutes, whichever oc- 
curred first. Since it was inconvenient, because of its size, to digest the entire liver, 
two portions weighing approximately 50 grams each were obtained after the entire organ 
had been weighed, and were analyzed separately. Close agreement of these duplicate liver 
determinations indicated that this procedure resulted in a representative sample of liver 
tissue being obtained. 

The analytical results have been expressed in a number of ways to facilitate com- 
parisons. Results of the blood clearance studies are expressed as T % and T py values 
to indicate the time required for the radioactivity values to fall to 50 and 10 per cent, 
respectively, of the original, extrapolated value presumably existing immediately follow- 
ing injection. Tissue results have been expressed as the percentage of the injected dose 
per organ for discrete tissues and as the percentage of injected dose per kilogram of tissue 
for both diserete and nondiscrete tissues. Corrections for background and for radioactive 
decay were made on all of the counting data. Statistical treatment of the data involved 
calculation of the standard error. 


TaBLE I. Rate or REMOVAL OF RADIOACTIVITY FROM CIRCULATING BLOOD STREAM OF THE 
Dog FOLLOWING INTRAVENOUS ADMINISTRATION OF AURCOLOID 


DOG NO. |  % (MINUTES) | © Yo (MINUTES) 


oe 


12 1,80 + 0.093 


Total No. of animals rT + SE 


“5.86 + 0.33 
RESULTS 
Blood Clearance Studies.—In agreement with results reported previously 


by other investigators, * it was found that intravenously administered radio- 
active colloidal gold disappeared rapidly from the circulating blood stream. 


| 1.50 4.0 
2.00 6.5 ~ 
1.75 6.0 j 
1.50 4.7 
2.25 7.5 7 
1.50 5.4 
2.25 7.0 
1.40 4.75 : 
9 2.00 6.4 
10 1.75 5.9 
11 2.00 6.5 
12 1.8 5.8 ; 
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Table I gives the T 4% and T 49 values of the animals studied as well as the 
standard error of these values. It ean be seen that the blood disappearance 
rate is not only rapid but is also remarkably constant from animal to animal. 


OF INJECTED DOSE PER ML. OF BLOOD 


0.001 


% 


20 30 40 50 
TIME IN MINUTES AFTER INJECTION 


Fig. 1.—Representative 


blood disappearance curve following intravenous administration of 
Aurcoloid, extrapolated to “O” time value. 


Fig. 1 is a representative, semilogarithmie eurve of the blood clearance rate in 
which the level of radioactivity in ihe blood stream is plotted against time after 
injection. The removal process consists essentially of two phases—an initial 
phase in which the blood radioactivity falls sharply to a very low value, followed 
by a second phase in which a very low level of blood radioactivity is fairly well 
maintained for a much longer period of time. Smooth disappearance curves 
were obtained in all but one of our experiments. In one experiment, however, 
a sharp rise in the blood radioactivity level was found in the 50-minute blood 
sample, a sample which would normally be expected to show very little radio- 
activity. The animal in question was in a condition of severe respiratory de- 


pression at this time with tachycardia and an extremely weak pulse pressure. 
Manual artificial respiration was being administered. A possible explanation 
for the reappearance of a high blood radioactivity level in this animal is that 
the shocklike condition was one of extreme stress to the animal and produced 
a disturbance in reticuloendothelial funetion manifested by extrusion of 
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previously phagocytized particles back into the blood stream. Warner and 
Dobson® have recently demonstrated an extrusion phenomenon using colloidal 
chromie phosphate and severe thermal injury as the stress situation. 


Tissue Distribution Studies.—Following intravenous administration, Aureo- 
loid rapidly leaves the blood stream to be deposited primarily in those organs 
and tissues having known reticuloendothelial functions. Table II presents results 
that have been calculated as the per cent of injected dose per organ and clearly 
indicates the overwhelming importance of the liver in concentrating intra- 
venously administered colloidal gold. The small variability in this respect from 
animal to animal is shown by the relatively low value for the standard error. 
The second organ of importance is the spleen which takes up approximately 
2 per cent of the injected dose. This value, while low in comparison to the liver, 
is important in that it is approximately 20 times as great as the third ranking 
organ, the lungs. The ratio of the standard error to the mean value indicates 
that there is more variability in spleen uptake than in liver uptake. The lungs 
and kidneys take up smaller amounts of radioactivity, while the value for the 
heart is negligible. 


TABLE II. Tissue DistTRIBUTION IN Dogs FOLLOWING INTRAVENOUS ADMINISTRATION OF 
AURCOLOID, CALCULATED AS PERCENTAGE OF INJECTED DOSE PER ORGAN 


ORGAN NO. OF ANIMALS | AVERAGE VALUE STANDARD ERROR 
Liver 12 ‘ 1.21 
Spleen 10 0.193 
Lungs 10 0% 0.0092 
Kidney 11 0.0033 
Heart 10 0.0049 0.0008 


TABLE IIT. Tissue DistripuTiOn IN Dogs FOLLOWING INTRAVENOUS ADMINISTRATION OF 
AURCOLOID, CALCULATED AS PERCENTAGE OF INJECTED Dose PER KILOGRAM 


TISSUE NO, OF ‘ANIMALS AVERAGE VALUE STANDARD ERROR 


Liver 12 380 8.05 
Spleen 10 43.9 5.59 
Lung 10 1.00 0.232 
Kidney 11 0.94 0.091 
Heart. 10 0.084 0,021 
Skeletal muscle 6 0.023 0.0088 
Bone marrow 5 8.38 1.59 


Table IIL presents tissue distribution data calculated on a concentration per 
kilogram basis rather than on a concentration per organ basis. This type of 
caleulation is valuable for two reasons. First, it makes possible the determina- 
tion of radioactivity in those tissues which are not discrete organs, such as bone 
marrow and skeletal muscle. Significant bone marrow uptake can thus be 
demonstrated. Seeond, it makes comparisons possible on a pure weight basis, 
eliminating organ size as a factor. It is interesting to compare the results listed 
in Table II with those in Table III. For example, from Table II, the liver- 
spleen ratio on a per organ basis is roughly 50. On a per gram basis, however, 
the ratio is sharply reduced to a value of approximately 9. This type of com- 
parison shows that the spleen is actually much more efficient in concentrating 
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colloidal gold than the per cent of injected dose per organ results would indicate 
and that the low value of 2 per cent in this respect is to a considerable extent 
the result of its much smaller weight compared to the liver. Thus, in terms 
of the intrinsie phagocytic ability per gram of tissue, the importance of the 
spleen is much more clearly seen. 

The above considerations apply as well to comparisons between the lungs 
and kidneys. In Table II the lung value is approximately 3 times the value 
of kidney. On a per gram basis, however, those two organs are roughly 
equivalent, indicating that organ size is primarily involved since the average 
weight of the lungs is about 3 times that of the kidney. 

Results of analyses of two additional tissues, skeletal muscle and bone 
marrow, which are not included in Table IT because they are not discrete organs, 
are found in Table IIT. Skeletal muscle concentration of Aurecoloid is extremely 
low. Bone marrow, on the other hand, shows relatively good uptake, as might 
be expected because of the known retieuloendothelial properties of this tissue, 
with a value of roughly 1% that of the spleen and 4» that of the liver. 


DISCUSSION 


Yomparison of the work reported here with previously reported results of 
other investigators is difficult beeause of differences in experimental conditions. 
Varying the method of preparation ean produce gold colloids with different 
physical properties. Alterations in metabolism have been reported from the use 
of gold colloids with different particle sizes. Zilversmit and associates* have 
shown, for example, that large particle size gold colloids are removed more 
quickly from the cireulation than colloids containing smaller sized particles. 
These investigators found no differences, however, in tissue distribution. On 
the other hand, Mayneord and Sinclair’ reported that the ratio of concentrations 
in liver and spleen is strongly dependent upon the size of the colloidal particles. 
Inasmuch as metabolic alterations apparently can result from the use of colloids 
with different physical properties, we felt that use of a highly standardized and 
conveniently available gold colloid preparation, such as Aureoloid, was most 
desirable. 


Other differences in experimental conditions that could contribute to differ- 
ences in experimental results include the species and number of animals used, 
analytical procedures employed, the dosage, and the time period following injec- 
tion after which the animals were sacrificed. 

Some similarities and differences between our results and those of other 
investigators will now be more closely examined. In practically all of the work 
previously reported the liver is recognized as the site of greatest systemic uptake. 
A quantitative difference appears, however. The average value of the per cent 
of injected dose for this organ in the 4 animals reported by Zilversmit was 83 
per cent. Our results on 12 animals gave an average of 94 per cent. A recent 
study in which rats were used reports values of 88.7 and 95.8 per cent; the two 
figures represent results from studies of two gold colloids of different specific 
activities.© Additional evidence for the higher liver values can be found in the 
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work of Little and Kelly* who studied radioactive colloidal gold uptake by the 
isolated, perfused liver and reported that 85 per cent alone is taken up by the 
first passage of blood through this organ.® 

Although the secondary importance of the spleen is recognized by most 
investigators, Mayneord and Sinclair state that the spleen normally has the 
highest concentration of gold. We have never found the spleen to contain a 
higher concentration of colloidal gold than the liver. 

The rate of disappearance from the circulation was practically identical with 
that reported by Zilversmit for gold particles of approximately 40 my in di- 
ameter. On the basis of electron microscope data, the particle size of the colloid 
used in our work is reported to be but 3 mpu.* Zilversmit reported a much slower 
blood clearance rate for particles of this small size. This diserepaney may be re- 
solved by recognizing that the effective particle size of Aurcoloid may be con- 
siderably larger than 3 my due to the presence of a gelatin coating around the 
colloidal particle, resulting from the use of gelatin as a colloid stabilizer in the 
manufacturing process. 

When plotted on semilogarithmic paper, the blood disappearance curve in 
all but one of our experiments was a smooth curve with few or no irregularities, 
or “bumps.” Zilversmit attributed smooth disappearance curves in his experi- 
ments to the presence of one or both of the following experimental conditions: 
(1) use of a gold colloid prepared by using yellow phosphorus and H,0, as re- 
dueing agents and (2) premixing the gold colloid with the dogs’ own serum pro- 
teins prior to injection. Sinee our experiments were not performed under either 
of these conditions, we feel that they are not essential to obtaining a smooth dis- 
appearance curve. 

Because of the known phagocytie potentialities of the circulating white blood 
cells it was somewhat surprising to find their apparent lack of participation in 
gold colloid phagocytosis as evidenced by the almost complete disappearance of 
radioactivity from the cireulation in a matter of minutes following injection. 
A separate study of this situation has been undertaken using in vitro and in vivo 
techniques and a preliminary report has been published.° 


SUMMARY 
1. A study of the fate of intravenously administered radioactive colloidal 
gold (Aureoloid) in the dog is presented with statistical evaluation of the results. 

2. The liver is of predominant importance with respect to systemic uptake, 
accumulating approximately 94 per cent of the injected dose. 

3. Only liver, spleen, and bone marrow appear to have the ability to con- 
centrate significant amounts of the injected colloid. 

4. The injected material disappears very rapidly from the cireulating blood 
stream in an essentially smooth, two-phase process. 

5. The effective particle size of the gold colloid used (Aureoloid) appears 
to be about 40 mz. 
6. Comparisons of our results with those of other investigators are discussed. 
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TRYPTOPHAN METABOLISM IN NORMAL AND DIABETIC SUBJECTS 


M. H. Wiseman, M.Sc., N. Kacant, M.D., Aanp M. M. Horrman, M.D. 
MONTREAL, CANADA 


RYPTOPHAN has assumed inereasing importance in recent years with the 

recognition of abnormalities in its intermediary metabolism in a wide va- 
riety of diseases, including diabetes,’ tuberculosis,’ certain anemias,*° cancer,® 
malignant carcinoid,’ pyridoxine deficiency,*'’ and phenylketonuria." 

Following oral administration of tryptophan to diabetic subjects, the 
urinary exeretion of xanthurenic acid was found to be inereased'; this ab- 
normality was also observed in diabetic rats,’* accompanied by a decrease in 
urinary N'-methylnicotinamide.’* Furthermore, tryptophan has been impli- 
cated in the regulation of blood sugar as the precursor of an insulinase in- 
hibitor."* 

In order to obtain a fuller picture of the fate and role of this amino acid 
in diabetes, the effect of an oral load of tryptophan on the urinary exeretion 
of tryptophan, kynurenine, anthranilie acid, xanthurenie acid, and 5-hydroxy- 
indoleacetie acid has been observed in normal and diabetie subjects. For this 
purpose an 8-hour procedure was established which, it is thought, may be of 
value in the assessment of tryptophan metabolism for clinical purposes in 
other conditions, as suggested by Bessey.'® 


MATERIALS AND METHODS 


Three groups of subjects were studied: (1) 4 “young” men and 7 “young” women 
aged 25 to 35, normal volunteers from the laboratory staff, (2) 6 older women aged 50 to 
75, in whom no organic disease was demonstrable, and (3) 12 older women aged 50 to 75 
with uncomplicated diabetes. For each subject the dietary intake of thiamine, riboflavin, 
and niacin, as estimated by the short dietary history method,!® met the requirements of 
the Canadian Standards of Nutrition.!17 Pyridoxine intake could not be calculated be- 
cause of the lack of reliable data on the pyridoxine content of foods, The young women 
were studied in the preovulatory phase of the menstrual cycle to minimize any effects of 
variations in titer of reproductive hormones, 

Experiments were performed in the morning after an overnight fast; the protocol 
consisted of the collection of a 2-hour (basal) urine specimen, the oral administration of 
4 Gm, of L-tryptophan, and collection of urine for the subsequent 6-hour period. Preliminary 
studies had revealed that the excretion rates of the various metabolites obtained in the basal 
period were maintained during the subsequent 6-hour period and that 70 to 90 per cent of 


the tryptophan recovered in the form of the metabolites under study was exereted within 6 


hours of tryptophan administration, Consequently, the amount of each metabolite excreted 
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in response to the test dose was taken as the difference between the quantity excreted follow- 
ing tryptophan and that predicted for a 6-hour interval from the 2-hour basal period. In the 
two groups of older subjects, blood specimens were taken for glucose estimation at 1-hour 
intervals and for tryptophan and kynurenine at 2-hour intervals after administration of the 
tryptophan. 

The method of Ichihara and associates!’ was adapted for analysis of urine. This gave 
3 fractions: tryptophan plus unknown diazotizable substances (UDS) anthranilie acid (in- 
cluding conjugates), and kynurenine. Tryptophan was estimated separately by application 
of the above procedure to the precipitate obtained by the addition of mercuric sulfate to 
urine.1® The value so obtained was subtracted from that of the first fraction noted above; 
the remainder of this fraction consisted of UDS and was expressed in terms of tryptophan 
equivalent. Recoveries from urine of tryptophan were in the range of 93 to 104 per cent, of 
anthranilic acid 93 to 99 per cent, and of kynurenine 92 to 99 per cent. 

The method developed by Glazer and associates?® was used for the estimation of urinary 
xanthurenic acid. Although the color intensity did not obey the Beer-Lambert law, the re- 
coveries calculated from a standard curve were 95 to 108 per cent for amounts of xanthurenic 
acid ranging from 17 to 308 yg in a 1 mil. aliquot of urine. Since values obtained from 
urine under basal conditions were largely due to nonspecific chromogens, they have not been 
given in the results. The increases in values following administration of tryptophan, how 
ever, were considered to be entirely due to xanthurenic acid. 5-Hydroxyindoleacetie acid 
(5-HIAA) in urine was measured by a modification of the procedure described by Macfarlane 
and co-workers.21_ Recoveries of 5-HIAA added to urine were in the range of 99 to 105 per 
cent for quantities of 15 to 135 wg 5-HTAA in a 10 ml. aliquot. 

Blood glucose was estimated by the Somogyi modification of the Nelson method.22 
Slight modifications of the Ichihara method were applied to the measurement of tryptophan 
and kynurenine in plasma, 


TaBLe I. THe ExcreTion oF TRYPTOPHAN AND Its METABOLITES IN THE 6-HouR PERtIop 
FOLLOWING THE ADMINISTRATION OF 4 GM. L-TRYPTOPHAN (YOUNG NORMAL SUBJECTS) 


AN- | XANTHU- 
KYNU- THRANILIC RENIC 
TRYPTOPHAN RENINE ACID ACID 
NO. | SEX (Mo.) ) (M@.) (MG.) 
Basal (2 hours) 26+ 0. 2. 2.3 


Increment 19.2+ 4.1 


25.2 + 11.1 


= @. 05+ 0.1 
0. 0.3 2.72 


Percentage of 
administered 
tryptophan re- 
covered in 6 
hours 


The increment in excretion of tryptophan and its metabolites attributed to the ingested 
tryptophan is calculated as: (excretion in 6 hours following tryptophan) — (3 ™& basal 
excretion). 

*Unknown diazotizable substance calculated as tryptophan. 

tMean Excretion + S.E.M. 


RESULTS 


The results obtained in young normal individuals are shown in Table I. 
It is seen that there was no sex difference in the basal excretion for any of 
the substances measured, but after the administration of tryptophan the in- 
crease in excretion of all metabolites except xanthurenic acid was greater in 
the women. 


7 F 0.3 Lit 0.1 11+ 0.1 9.4% 1.7 
837.8 + 19.8 
7 F 85.6423.3 114.5422.8 28.2411.1 109.8 + 50.2 
F 212 0.6 28+ 05 1.1 1.4 
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The values obtained in the older diabetic and nondiabetie subjects are 


presented in Tables I and IIT, 


Three hours following ingestion of the trypto- 


phan, there was a statistically signifieant lowering of blood sugar in the dia- 
betie subjects (p <0.05) but it was of minor degree. There was no difference 
in serum tryptophan levels between the groups, but the kynurenin levels were 
distinetly lower in diabetic patients than in normal individuals (p <0.01). 


TABLE IT, CHANGES IN BLOOD SUGAR, TRYPTOPHAN, AND KYNURENINE AFTER INGESTION OF 4 


GM. L-TRYPTOPHAN IN 6 CONTROL AND 12 DIABETIC SUBJECTS 


| "TIME APTER INGESTION (HOURS ) 
|SUBJECTS| FASTING 1 


Sugar (capillary 
blood) (per cent 


100 
100 


Control 
Diahetie 


104% 2 


102 +2 


2 | 8 
103 +1 «102 


97 +3 9274 


of fasting) 


Tryptophan (serum) 
mg. /100 ml. 


Control 1.2 
Diabetic 1.2 


+01 
+01 


10.1 + 0.7 
9.10.8 


6.2 
5.8 


+ 0.4 
+ 0.8 


3.2 

3.4 +04 

Kynurenine (serum) 
mg./100 ml, 


0.05 + 0.05 
0.04 + 0.02 


Values shown are M + S.E.M, 


Control 
Diabetic 


0.82 + 0.22 
0.25 + 0.08 


0.94 + 0.18 
0.19 + 0.06 


0.42 + 0.08 
0.23 + 0.07 


TABLE III. Urinary EXcrerTion oF TRYPTOPHAN AND ITS METABOLITES BEFORE AND AFTER 
INGESTION OF 4 GM. L-TRYPTOPHAN IN 6 CONTROL AND 12 DIABETIC SUBJECTS 


BASAL 
(2 HOURS) 
(MG.) 


INCREMENT“ 
( 


PERCENTAGE DOSE 
ACCOUNTED FOR 


Tryptophan 


Control 
Diabetic 


Kynurenine 


Control 
Diabetic 


3.0 + 
2.9 


+ 0.7 
+04 


74.9 
33.0 


203.9 
43.8 


1.9 + 0.4t 
0.8 +0.1 


Anthranilie acid 
Control 
Diabetic 


34.2 


Xanthurenie acid 
Control 
Diabetic 


5-Hydroxyindole-acetic acid 
Control 
Diabetic 


UDS} 
Control 
Diabetic 


0.29 + 0.05 
0.29 + 0.05 


0.03 + 0.01 
0.04 + 0.01 


7.0 +23 
8.7 +1.8 


*Increment = (Excretion in 6-hour interval after ingestion of tryptophan) - (3 X basal 
excretion). 


+M + S.E.M. 
tUnknown diazotizable substances, 


The basal urinary excretion of each metabolite measured was the same 
in the two groups. However, the diabetic patients excreted much less of the 
administered dose of tryptophan in the form of tryptophan (p <0.01), kynu- 
renine (p <0.01), anthranilie acid (p <0.05), and xanthurenie acid (p <0.01). 
They continued to excrete the same amounts of 5-HIAA and of UDS as the 
control subjects. 


— 
| | * 
| 
+ 3.8 
2.3 + 61.8 
+ 61. 5.0 
11 129 26 0.5 +0.1 
15.3 + 3.4 0.4 +01 
127+ 0.21 
78.4 +19.9 18 +0.5 
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There was no consistent difference between the results in the “young” and 
“old” women, 
DISCUSSION 
One of the purposes of this study was to establish a method of assessing 
tryptophan metabolism which might be of elinieal use. Bessey has stressed 
the value, in the diagnosis of pyridoxine deficiency, of a simple procedure 
which consisted of the administration of a tryptophan load and subsequent 
measurement of urinary xanthurenie acid."*| The procedure deseribed in the 
present report allows a more complete assessment of tryptophan degradation 
and should therefore have a wider range of applicability. For example, we 
have observed 2 subjects with suboptimal intakes of riboflavin who showed 
inereased excretions of kynurenine and anthranilic acid, suggesting the pres- 
ence of a block in the conversion of kynurenine to hydroxykynurenine ; since 
this chemical transformation is known to be dependent on riboflavin,®® it is 
suggested that the present tryptophan loading test may offer a simple means 
of detecting subclinical deficiency of this vitamin. 

The chemical methods employed are straightforward and reproducible ; 
they give results in good agreement with those obtained by more elaborate 
and refined procedures,** but do not distinguish between free and conjugated 
anthranilie acids. 

In the group of nondiabetic subjects the differences between men and 
women are probably attributable, at least in part, to differences in lean body 
mass, since the average body weight of the men was considerably greater than 
that of the women. 

The differences between diabetic and nondiabetic subjects, however, are 
of a more fundamental nature. Although in any oral loading test the faetor 
of rate of absorption from the gut cannot be adequately evaluated, it is un- 
likely that this contributed to the differences in the present case since the 
blood tryptophan levels following the load in the diabetic subjeets were al- 
most identical with those of the control group, implying a normal rate of ab- 
sorption. 

MeDaniel and associates'® reported a decrease in the exeretion of N’- 
methylnicotinamide in alloxan diabetes, and suggested that this and the in- 
creased excretion of xanthurenie acid were due to an impaired ability to re- 
move the sidechain of kynurenine and 3-hydroxykynurenine, It might be 
anticipated that such a block would lead to a deerease in anthranilie acid 
excretion and an inerease in kynurenine exeretion (Fig. 1). In the present 
work there was indeed a decrease in anthranilie acid exeretion, but there was 
also a decrease in kynurenine excretion of even greater degree. The latter 
change, and the decrease in serum kynurenine levels would not be compatible 
with the concept of a metabolic block at the kynureninase level. 

Furthermore, a decrease occurred in xanthurenie acid excretion rather 
than an inerease as had been reported earlier.’| Results similar to the present 
ones were obtained by Joron in a group of 100 patients (unpublished data). 
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These discrepant results emphasize the observation of Hawkins and co- 
workers® regarding the great variability of xanthurenie acid excretion after 
tryptophan loading. 


SEROTONIN INDOLEACETIC 


TRYPTOPHAN 


| 


KYNURENIC KYNURENINE ——> ANTHRANILIC 
ACID | ACID 


XANTHURENIC «—— HYDROXYKYNURENINE 
ACID | 


ME THYLNICOTINAMIDE 


Fig. 1 Metabolic pathways of tryptophan metabolism. 


There are two ready explanations of the abnormalities observed in the 
diabetic subjects: (1) there may have oceurred a diversion of tryptophan from 
the nicotinamide pathway, resulting in a lowered production and excretion 
of all metabolites along this route; (2) the rate of degradation starting along 
the nicotinamide pathway may have been normal or inereased, but diverted, 
as postulated by Dalgliesh and associates,”° to complete oxidation. It is not 
possible to decide between these alternatives on the basis of evidence presently 
available. 

Mirsky and associates’ have reported that the oral administration of 
tryptophan produced a drop in blood sugar concentration in normal rats and 
a transient rise in sugar concentration in diabetie rats; the hypoglycemic 
effect was attributed to an anti-insulinase action. MeDaniel'® confirmed the 
effect in diabetic rats but observed no change in normal animals; the transient 
hyperglycemia was thought to be due to gluconeogenesis from the tryptophan. 
In the present work tryptophan did not alter the blood sugar in control sub- 
jects, but produced a slight decrease in diabetie patients. The differences 
between these results and those obtained in animal studies may be related to 
differences in relative dose. However, since 4 Gm. of tryptophan had only a 
slight effect on the blood sugar concentration it is difficult to conceive of any 
physiologically important role for tryptophan in regulating glycemia when 
the usual daily intake is only 0.5 to 1.0 Gm. 


SUMMARY 


A procedure has been described which permits an evaluation of trypto- 
phan metabolism suitable for clinical purposes; it is based on a measurement 
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of the exeretion of various tryptophan metabolites following ingestion of 
tryptophan. Diabetic and nondiabetic subjects have been studied by this 
means to determine the effect of diabetes on tryptophan metabolism and the 
effect of tryptophan on glycemia. Diabetic subjects were found to exerete a 
subnormal proportion of the administered load in the form of tryptophan, 
kynurenine, anthranilie acid, and xanthurenie acid, but normal amounts of 
5-hydroxyindoleacetie acid. Tryptophan effected a minor decrease in blood 
sugar concentrations in diabetic subjects but not in normal individuals. 
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THE PRECISION OF PERCENTILES IN ESTABLISHING NORMAL 
LIMITS IN MEDICINE 


Lee Herrera, B.S. 
New York, N. Y. 


ERHAPS the most difficult problems in the establishment of normal limits 

or ranges in medicine are the problems concerning definition and the selee- 
tion of subjects. However, while we do not wish to underestimate the serious- 
ness of these problems, the scope of the present paper is limited to a discussion 
of methods applied to the already colleeted data. 

Purposes of Normal Limits —Norms appear to serve two fairly distinct 
functions—one is descriptive, the other discriminative. While the anthropome- 
trist may be primarily interested in the descriptive aspect, the clinician is in- 
terested in normal limits to the extent that they aid him in diagnosing an 
individual correctly as either healthy or diseased. Inspection of a single normal 
range very rarely leads immediately to a correct diagnosis; rather, the normal 
range acts as a more or less useful sereening device, ruling out certain possi- 
bilities with more or less high probability. The range will be the more useful 
the smaller the overlap between the distributions of values in the healthy and 
in the diseased. Thus, in order to evaluate the usefulness of specifie normal 
ranges in the healthy for diagnostic purposes, it is necessary to examine the 
ranges of the same variates in disease. Relatively little quantitative work has 
been done on this question; therefore the clinician must fall back on normal 
values in the healthy and let his elinieal experience be his guide as to their use- 
fulness for diagnosis. 


Some Current Methods of Determining Limits of Normal.—The most ecom- 
mon method of obtaining normal limits in clinieal medicine at the present time 
appears to be that of taking the mean + 2 standard deviations.'’ Another com- 
mon way of setting normal limits is by means of the lowest and highest values 
found in a sample of measurements. The mean + 2 standard deviations pur- 
ports to give a ‘‘95 per cent normal range’’ in which 2.5 per cent of the normal 
subjects have values below the mean minus 2 standard deviations and another 
2.5 per cent have values above the mean plus 2 standard deviations. This is true 
(1) if the measurements form the mathematical distribution which is called 
the Gaussian and often, misleadingly, the ‘‘Normal’’ distribution, and (2) if 


the mean and standard deviation are estimated from very large samples, so 
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that they may be considered known quantities. In general, therefore, the mean 
and standard deviation cannot be considered known. (Naturally, it is possible 
to make allowance for sampling variation of the mean and standard deviation, 
i.e., if the sample is large enough to satisfy one that the Gaussian distribution 
is a fair approximation.) Moreover, with relatively small samples, we simply 
cannot tell whether or not the parent population may be considered Gaussian; 
while it may sometimes be close to the Gaussian distribution, the assumption 
that biologie measurements generally have this distribution is both unwarranted 
and dangerous. Using the mean + 2 standard deviations on a distribution which 
is skew or, if symmetrical, either peaked or flat, can lead to a serious misclassi- 
fication of cases, depending on the extent of deviation from the Gaussian shape. 

The defect of the method of using the lowest and highest sample values 
as the limits of normal is simply that it underestimates the 95 per cent range 
in small samples, while it overestimates it in large samples. If sample sizes are 
given, it is possible to determine the extent of under- or overestimation for a 
particular range. 


The Percentile Method of Determining Normal Limits——The drawback of 
the ‘‘extreme range’’ method (that is, taking the highest and lowest values) is 
overcome by the percentile method, in which, regardless of sample size, there 
is no persistent under- or overestimate of, say, the 95 per cent range. By this 
method in order to obtain an estimate of the 95 per cent range such that 2.5 
per cent of the observations in the population lie below the lower limit and 


another 2.5 per cent lie above the upper limit, one simply finds the estimates 
of the population 2.5 and 97.5 percentiles in the form of the corresponding 
sample pereentiles. The sample 2.5 pereentile can be most simply described as 
the value that cuts off the lowest 2.5 per cent of the observed measurements; 
other percentiles are analogously defined (for more detail, see below). 


The remainder of this paper will be devoted to showing how to determine 
the reliability of certain sample percentiles and thus enable the investigator to 
know in advance what sample size is required for a specified amount of pre- 
cision. The beauty of the method is that no assumptions are required about 
the distribution shape (Gaussian or other) of the population from which the 
sample is drawn. The method should particularly appeal to clinical investiga- 
tors who have become convinced of the importance of local norms, which must 
often be based on small samples. Loeal norms consist of standards set up in 
a particular location and may be restrieted to persons with closely specified char- 
acteristics. (It may be said that every norm is a local norm to a greater or 
lesser degree. ) 

The method deseribed here for the use of clinical investigators is not new. 
It was first proposed by Thompson,* and subsequently more exhaustively studied 
by Wilks** who also prepared some short tables for use in industrial quality 
control work. In 1948, Murphy® published graphs which have a very general 
application but which are not in a form that the medical investigator would find 
useful nor, indeed, do they inelude certain applications very important in 
clinical work. 
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For the present, we decided against the use of the 2.5 and 97.5 percentiles. 
The reason is that, for screening procedures in which the potentially ill person 
is to be studied more intensively, it seems preferable to draw the range of ac- 
ceptance (as healthy) somewhat narrower, as is done with bodily dimensions.* 
Thus, there would be a greater chance of detecting abnormal subjects (the 
diseased) in situations where there is a good deal of overlap between the dis- 
tribution of values in the healthy and diseased. We have, therefore, substituted 
the estimation of the tenth and ninetieth percentiles. Two other limits of normal 
are also considered in detail. 


The cases which are designated by a chosen limit as being in the tail areas 
of a particular population distribution, that is, outside the range chosen as 
normal, will be referred to as the excluded cases. 


Method of Estimating Percentiles and Determining Their Precision.—To 
illustrate the use of Tables IT and III, Dr. Elaine P. Ralli of the Department of 
Medicine, New York University College of Medicine, has kindly given us per- 
mission to use some serum total protein determinations made in her laboratory. 
The determinations were made on 49 volunteer medical students between the 
ages of 19 and 31, by the micro-Kjeldahl method. The values obtained are 
shown in Table I. 


TasLe I. Serum Tora PRoreins 
(Gm, per 100 ml. of serum, micro-Kjeldahl) 


| 


| 


6.0 7.2 7.5 7.7 8.0 
6.5 7.2 7.6 7.7 8.0 
6.9 7.2 7.6 7.8 8.1 
7.0 7.2 7.6 7.8 8.2 
7.0 7.2 7.6 7.8 8.3 
7.0 7.3 7.6 7.8 8.4 
7.1 7.3 7.6 7.8 8.4 
7.1 7.4 7.6 7.8 8.5 
7.1 7.5 7.6 7.9 8.5 
7.1 7.5 7.9 


Boldface figures are the estimated upper and lower tenth percentiles. 


Estimation of tenth percentile: 1. Order the items from lowest to high- 
est value, letting the lowest value be item No. 1, i.e., the item of rank 1. 

2. To find the ordered item estimating the sample tenth percentile, multi- 
ply (N + 1) by 10 per cent, where N is the sample size. N + 1 rather than N 
is used* because it can be shown that N + 1 gives the better (unbiased) estimate 
of a pereentile. With N — 49, we see that 10 per cent of 50 — 5.0. Thus the 
fifth ordered item, the value 7.0 Gm., is the estimate of the tenth percentile. 
If, for some other sample size, item No. 5.3 had been obtained as the estimate 
of the percentile, linear interpolation would have been used between the values 
of the fifth and sixth items. Such interpolation introduces some inaccuracy 
into the estimation of the percentile and should be avoided if possible by using 
the sample sizes given in Table IT.* 


*At the present time, better methods of interpolation are being investigated in this 
Department by M. I. Sutcliffe. 
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Estimation of the ninetieth percentile: 1. Treat the ninetieth percentile 
as the tenth percentile with the items ordered from highest to lowest value, let- 
ting the highest value be item No. 1. 


2. To determine the value estimating the ninetieth percentile, find the value 
of the fifth item in the order from highest to lowest value. It is 8.3 Gm. 


TABLE IT, Limits or PorpuLatTion PERCENTAGE EXcLUDED BY USE OF THE SAMPLE 
TENTH PERCENTILE* 


(Probability level for each limit = 0.975) 


SAMPLE ; LIMITS OF PERCENTAGE EXCLUDED 


19 1.30 26.00 
29 2.19 22.78 
a9 2.87 20.89 
49 3.39 19.61 


3.83 18.69 


4.17 17.97 
79 4.47 17.42 
89 4.73 16.94 
99 4.95 16.56 
5.15 16.22 


5.31 15.93 
129 5.47 15.67 
139 5.62 15.46 
149 5.75 15.27 
5.86 15.07 


5.98 14.91 
179 6.07 14.76 


189 6.16 14.62 
199 6.25 14.50 
209 6.29 14.38 


*For explanation of terms and method of use of table, see the accompanying examples. 


Precision of the estimate of the tenth percentile: 1. Enter Table II with 
sample size N = 49. 

2. Opposite 49 find the percentages 3.39 and 19.61. The percentage 3.39 is 
the lower limit of the population pereentage excluded by the sample tenth 
pereentile, which means that there is a low probability (only 1 in 40 or P = 
0.025) that less than 3.39 per cent of the population values are below the sample 
tenth pereentile. Similarly, the upper limit, 19.61, signifies that there is a 
probability of 1 in 40 that more than 19.61 per cent of the population values 
are below the sample tenth percentile. Putting these two expressions together, 
we see that there is a probability of 1 in 20 (P — 0.05) that a sample tenth 
percentile will exclude less than 3.39 per cent or more than 19.61 per cent of 
the population values. Exactly the same statement can be made about the 
sample ninetieth percentile, if we remember that the population percentage ex- 
cluded refers to the population values which are higher than the value of the 
ninetieth percentile. 


Table II shows the wide variability for the population percentage exeluded 
by the sample tenth percentile in small samples which are, therefore, often 
almost useless for estimates of this kind. However, it may well be possible to 
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obtain clinically useful information from small samples by use of Table III 
which shows the sample percentiles required to ensure with high probability the 
exclusion of (1) more than 5 per cent of the population values and (2) less 
than 15 per cent of the population values. The exelusion of at least 5 per cent 
of the standard (healthy) population may be desirable in sereening for differen- 
tial diagnosis when certain symptoms are actually present. Although a rela- 
tively large proportion of the healthy will be in the ‘‘exeluded’’ group (and 
therefore studied more intensively as being potentially ill) when the method 
is applied to a small sample, the likelihood of a healthy person presenting him- 
self for clinieal diagnosis may be sufficiently small to warrant the use of this 


TABLE LIT. SAMPLE PERCENTILE REQUIRED TO ENSURE THE EXCLUSION OF 
SPECIFIED POPULATION PERCENTAGES* 
(Probability level = 0.975) 


POPULATION PERCENTAGE TO BE EXCLUDED 
MORE THAN 5 PER CENT LESS THAN 15 PER CENT 
REQUIRED REQUIRED 
SAMPLE SAMPLE REQUIRED SAMPLE | REQUIRED 
SIZE PERCENTILE PERCENTILE } RANK 
20 17.77 
23 16.75 02 2 1,02 
30 15.09 6 5.18 1.59 
40 3.53 5.5 2.48 
50 2.46 4.75 3.44 


70 7! 5.52 
80 7 8.6) 8. 6.62 
90 J 9.42 . 7.74 


100 . 8.87 


110 9.7! 10.86 . 10.03 
120 9.55 11.56 4 11.22 
130 12.25 9. 12.39 
140 9. 12.93 x 13.59 
150 9. 13.61 , 14.80 


160 14.26 16.04 

170 td 14.93 10.09 17.25 

180 62 15.60 10.21 18.48 

190 8.5 16.25 10.33 19.73 

200 8. 16.90 10.43 20.96 
explanation of terms and method of use of table, see the accompanying examples. 


tFor sample sizes under 23 there is no sample percentile which would ensure, with 
P = 0.975, an exclusion percentage of less than 15 per cent. 


standard. The exclusion of at least 5 per cent of the standard population may 
also be desirable, when it is of interest to study those subjects of a small sample 
who are likely not to be in the extreme parts of the population distribution, 
i.e., those who make up the bulk or average of the population. On the other 
hand, the exelusion of no more than 15 per cent of the healthy population may 
be useful in the sereening of groups consisting primarily of healthy individuals 
among whom the proportion to be followed should be kept low. Naturally, if 
there is considerable overlap between the healthy and diseased populations, 
only the more extreme deviations in the diseased population will be identified 
correctly. 
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In order to determine what a required sample percentile corresponds to, 
in terms of an actual measurement, we must rank the measurements from low- 
est to highest and express the percentile as a rank. To save the reader the 
trouble of making the conversion, percentiles as well as ranks are given in 
Table IIL (with two decimal places for satisfactory interpolation). 


The exclusion of at least 5 per cent of the population values: 1. For N = 
49 enter Table III with N — 40 and N — 50. 

2. Opposite N — 40 and N — 50 find the required sample percentiles 
(13.53 and 12.49, respectively) as well as the ranks (5.55 and 6.37) of the 
values corresponding to those sample percentiles. The sample percentiles are 
the ones which ensure, for their respective sample sizes, that the population 
percentage excluded by them will be at least 5 per cent, i.e., there is a proba- 
bility of only 1 in 40 that such sample percentile will exelude less than 5 per cent 
of the population values. 

3. Interpolate linearly between the two ranks to obtain the rank of the 
value required for N =< 49, namely, 5.55 + 9/10 (6.37 — 5.55) — 5.55 + 0.74 
== 6.29. Round to the first decimal place. (If the pereentile form is desired, 
we have here the 12.58 percentile: [r] [100]/[N + 1] — [6.29] [100]/50 — 
12.58. ) 

4. To find the value of item No. 6.3, interpolate linearly between the values 
of the sixth and seventh items, 7.0 Gm. and 7.1 Gm. Sinee grams of total 
protein were determined to the nearest first decimal only, it is not necessary 
to earry the linear interpolation beyond the first decimal; therefore, the value 
of item No. 6.3 ean be taken as 7.0 Gm. For the upper end of the distribu- 
tion, the sixth and seventh items from the top are 8.2 Gm. and 8.1 Gm., re- 
spectively, and item No. 6.3 is taken as 8.2 Gm. 

The exclusion of no more than 15 per cent of the population values: 1. For 
N = 49 enter Table III with N — 40 and N — 50. 

2. Opposite N — 40 and N = 50 find the required sample percentiles 
(6.04 and 6.75) as well as the ranks (2.48 and 3.44) of the values of those 
percentiles. The sample percentiles are the ones which ensure, for their re- 
spective sample sizes, that the population percentage excluded by them will 
be no more than 15 per cent, ie., the probability that such sample percentile 
will exclude more than 15 per cent of the population values is only 1 in 40. 

3. Interpolate linearly between the two ranks to obtain the rank of the 
value required for N — 49, namely, 2.48 + 9/10 (3.44 — 2.48) — 2.48 + 0.86 
== 3.34. Round to the first decimal place. (Item No. 3.34 is the 6.68 per- 
centile. ) 

4. To find the value of item No. 3.3, interpolate linearly between the 
values of the third and fourth items, 6.9 and 7.0 Gm. Since values to the first 
decimal place only are required, item No. 3.3 may be taken as 6.9 Gm. For 
the upper end of the distribution, the third and fourth items from the top are 
both 8.4 Gm., and therefore the value of item No. 3.3 would be taken as 8.4 Gm. 


i 
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Treatment of Values Falling Exactly on the Estimated Limits.—After we 
have determined the normal limit which meets our requirements, the one re- 
maining question is whether individuals who have values equal to that limit 
should be included among the normal or should be considered ‘‘suspect.’’ A 
general mathematical diseussion of this kind of problem by Scheffé and Tukey’ 
substantiates the following approach to our particular situation. 

1. We have the statement that the sample value required to ensure, with 
P — 0.975, the exelusion of less than 15 per eent of the population in the 
lower end of the distribution is 6.9 Gm. of total serum protein. If we draw 
the normal limit immediately below 6.9 Gm., it follows that we shall have even 
more assurance (higher than P = 0.975) of excluding less than 15 per cent of 
the population. The question of how high the probability may be* is more 


complicated and of less practical importance and, therefore, will not be dis- 
cussed here. 


2. We have the statement that the sample value required to ensure, with 
P = 0.975, the exclusion of more than 5 per cent of the population in the 
lower end of the distribution is 7.0 Gm. of total protein. Now, if we draw the 
normal limit immediately above 7.0 Gm., we shall have an even higher proba- 
bility (higher than P — 0.975) of excluding more than 5 per cent of the popu- 
lation. Again, the question of how high the probability may be will not be 
diseussed here. 

The application of the above rules to limits at the upper end of the dis- 
tribution will be obvious. Moreover, the rules cope with the problem that 
arises when, in the sample used for estimating the limits, two or more deter- 
minations have the value of the limit itself; for instance, in the case of the 


total proteins the value 7.0 Gm. appeared 3 times and the value 8.4 Gm. ap- 
peared twice. 


Experimental Verifiability of Limits for the Excluded Population Percent- 
age.—It is possible to verify the limits of variability of the excluded population 
pereentages experimentally. Visualize many different standard populations 
from each of which a random sample of 49 is taken to determine a particular 
limit of normal. (Alternatively, one may visualize repeated random samples 
of 49 taken from the same standard population.) Then, to take an example, 
we obtained from Table III the information that item No. 3.3 is required to 
ensure, with P — 0.975, that less than 15 per cent of the population values 
will be excluded. Experimentally this means that if the value of item No. 3.3 
is determined for every one of the random samples and we had an opportunity 
to check back into the populations from which they came, we would find, on 
about 97.5 per cent of the occasions, that the items would exclude less than 
15 per cent of the population values. In addition, we could also verify the 
statement that item No. 3.3 (the 6.6 sample percentile, determined by the use 
of N + 1) is an unbiased estimate of the population 6.6 percentile, because we 
would find that the average or mean population percentage excluded by all 
the observed sample percentiles was about 6.6 per cent. 
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Note on Mathematical Derivations.—It may be of interest to some to consider briefly 
how it is possible to find mathematically the limits of the population percentage excluded 
by use of a given sample percentile or, conversely, to find the sample percentile such that 
the limit of the population percentage excluded is a certain desired value. Visualize a con- 
tinuous population arranged from lowest to highest value in which the lowest p, of the values 
is called the A’s, the remainder the non-A’s. Further visualize the taking of a random 
sample from this population. ‘This random sample may again be ordered from lowest to 
highest value and may contain some items from the lowest p, of the population values, i.e., 
some A’s, and some non-A’s, Then the probability that a certain item in the sample, e.g., 
the rth lowest item, excludes a population proportion less than (or equal to) the lowest p, 
of that population is equal to the probability that r or more of the sample items are A’s, 
when the population contains a proportion of p, A’s. But this probability is well known; 
it is simply the sum of certain binomial probabilities, i.e., s (x) - ag , where 8 

stands for summation, N for the sample size, and q, 1—p, This expression can be used 
in 2 ways; we can fix r, say, at the tenth sample percentile, and then find the p, for which 
the sum of these probabilities adds up to the desired 0.025 value (or some other value) or 
we can fix p, at some desired value, say 0.05 and solve for r, corresponding to some sample 
percentile, such that the sum of these binomial probabilities is again 0.025. 

Similarly, the probability that the rth lowest item in a random sample excludes a 
population proportion greater than p, is the same as the probability of drawing a sample 
containing r — 1 or fewer A’s from a population containing a proportion of p, A’s. (The 
lowest p, of the population is now called the A’s.) Again, this is simply the sum of the 


r- 
binomial probabilities S (%) “ rig ; if r is fixed, then we can find the p, for which 
A=0 
the sum of these probabilities adds up to 0.025, and if p, 1s fixed, we can solve for r. 
Computational Note-—The basic source for the entries in Tables IT and LIT is 95 
per cent binomial confidence limits as published by Mainland, Herrera, and Suteliffe.® 
For Table LI, sample sizes were so chosen that (0.10)(N + 1) was a whole number, which 
meant that only direct interpolation for N was needed. Table III required inverse inter- 
polation for N, which usually resulted in fractional values. The tabulated integer values 


for N were obtained by linear interpolation between the logarithms of N and the logarithms 
of the required exclusion percentage. 


The entries in Tables IT and III may be considered good in the first decimal place. 


However, since the second decimal place often does contain some information, it has been 
tabulated and may be used in interpolations. 


Other Normal Limits.—The reader may wish to estimate the reliability of normal 
limits not given in this paper, e.g., the fifth percentile or the twentieth percentile. These 
can also be obtained by the use of binomial confidence limit tables.%* 


SUMMARY 


The percentile method of determining normal limits is discussed. The 
primary advantage of this method is that the reliability of sample percentiles 
can be determined without making any assumptions about the distribution shape 
(Gaussian or other) of the population from which the sample is drawn. 

Tables are given for (1) assessing the reliability of the tenth sample per- 
centile in terms of limits of exeluded population percentages, and (2) deter- 
mining the sample percentiles required to ensure the exclusion of specified 
population percentages (more than 5 per cent, less than 15 per cent). Sample 
sizes covered in the tables range between 20 and 200. 


*Copies of instruction sheets used in this laboratory will be supplied on request. 
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Some clinical laboratory data are used to illustrate in detail the method of 
estimating percentiles and the use of the tables. 


This study arose from the work on norms by Dr. Donald Mainland whom [ wish to 


I also am indebted to both Dr. 
Donald Mainland and Miss Marion |, Sutcliffe for a very careful reading of the manuscript. 


thank for his encouragement and constructive criticism. 
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THE EFFECTS OF AMINO ACID INGESTION ON GASTRIC 
SECRETION: COMPARISON OF LYSINE AND ARGININE 


A. M. Sackuer, M.D., L. Soprtan, M.D. 
New York, N. Y. 


HE original objective of this series of studies was the elucidation of certain 

favorable effects on nutrition which had been reported by previous workers 
to result from the addition of L-lysine monohydrochloride to the diet.’"* Part of 
the program was the determination of specific physiologic effects of lysine, if 
any could be determined. In previous papers,” * we reported that L-lysine 
monohydrochloride had a gastrie secretagogue effect, particularly relating to 
an inereased secretion of pepsin, Certain questions remain unanswered. Are 
the effects observed specific for lysine? Are they in some way related to the 
chemical nature of this substance rather than to its biologie physiology? 
Might not the same effects be produced by other amino acids? Because 
arginine, like lysine, is a basic amino acid and available as a monohydrochlo- 
ride salt, it was selected for employment in a second series of human experi- 
ments intended to answer some of these questions. 


MATERIAL AND METHODS 


The subjects were young adults, 12 women and 7 men in the arginine series, and 14 
women and 7 men in the lysine series. 


Two series of observations were made on each 
subject. 


The first consisted of fractional gastric analysis after a test meal consisting of 
homogenized and toasted white bread in water. After an interval of about one week, a 
second series of tests followed the administration of an identical test meal to which 5 Gm. 
of either L-lysine monohydrochloride or L-arginine monohydrochloride had been added. 
Samples of gastric contents were analyzed prior to the administration of each test meal and 
15, 30, and 60 minutes after its administration. All analytical procedures followed the 
techniques described by Hawk, Oser, and Somerson.* 

The significance of the results of analyses after the 2 test meals was tested using the 
following formulas: 


(N, + Nj) SX! 


V (BEL)? + 
t was calculated for 99 per cent probability from Fischer’s table. 


M = Sum of the samples divided by total number of samples. 
N =: Number of samples. 


This work was supported by a grant from Du Pont de Nemours & Co., Inc., Electro- 
chemicals Department. 
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Individual sample. 
M = Deviation of the individual from the mean. 
Values charted from Fischer’s table. 

- Sum of the squares. 


Standard deviation, 6, equals square root of the sum of the squares, divided by N. 
S.E. equals 8.D, divided by square root of N. 


RESULTS 


The results of the test meal with and without added arginine are given in 
Table I. Statistical analysis of the amount of hydrochlorie acid and pepsin 
secreted after the 2 test meals indicates that the differences observed have no 
significance ; i.e., the caleulated t value does not exceed the value of t in the 
0.01 chart for the figure N —2. It thus ean be coneluded that, in the volunteers 
tested, the addition of arginine monohydrochloride to a test meal did not pro- 
duce either a diminution or an inerease in hydrochlorie acid or pepsin seere- 
tion. 


TABLE I. SuMMARY OF LABORATORY OBSERVATIONS (ARGININE SERIES) 


HYDROCHLORIC ACID* 
TEST MEAL TEST MEAL 
TEST MEAL PLUS ARGININE TEST MEAL PLUS ARGININE 
29 2 33 5 100 339 400 85 
18 16 K 5 170 134 169 
32 4 96 1 230 70 125 
30 55 2 48 5 250 
38 5 5 144 125 
30 2 352 186 
0 42 f 101 
50 37 117 
14 51 125 
9 197 
0 
70 
64 
93 
19 37 
0 37 
3 64 
Si 135 4 58 
3 0 54 6.4101 154 64 
*Cubic centimeters of free acid per 100 ¢.c. secretion at time 0, 15, 30, and 60 minutes. 
tPeptic power (Mett) at time 0, 15, 30, and 60 minutes. 
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The laboratory observations made on subjects given test meals with and 
without added lysine are listed in Table II]. Using the same statistical stand- 
ards as with the arginine group, the difference between the 2 test meals, as re- 
gards both acidity and peptie activity of the gastrie secretion induced by them, 
is found significant. 

In Fig. 1 the alterations in hydrochloric acid secretion in 15, 30, and 60 
minutes are expressed in relation to the level of the fasting contents. The 
difference in the height of secretion between the test meal itself and the test 
meals with arginine and with lysine is represented. Statistical testing of the 
difference depicted for arginine shows it to be without significance. 
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In Fig. 2 the effect on peptic secretion of adding arginine or lysine to 
a standard test meal is depicted. The elevation or depression, compared with 


minutes 60 


Fig. 1.—Alteration of gastric HCl after test meals with and without added amino acids. 
Key: ——-—, HC! gain or loss over fasting level with test meal; @ @ @, HCl gain or loss 
over fasting level with test meal plus arginine; * * *, HCl! gain or loss over fasting level 
with test meal plus lysine. 


TaBLe IT, SuMMARY OF LABORATORY OBSERVATIONS (LYSINE SERIES) 


HYDROCHLORIC ACID" PEPSINt 

| TEST MEAL TEST MEAL 

TEST MEAL PLUS LYSINE TEST MEAL PLUS LYSINE 
0 0 : : 46 64 64 
‘ 184 282 309 
154 117 243 
0 0 0 
40 16 206 
19 134 195 
99 144 256 
115 269 308 
30 219 309 
184 195 
19 160 
271 361 
400 400 
576 361 
400 
121 
361 
460 
540 
144 90 
16 2 100) : 677 
*Cubic centimeters of free acid per 100 c.c. secretion at time 0, 15, 

tPeptic power (Mett) at time 0, 15, 30, and 60 minutes. 
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30, and 60 minutes. 
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the fasting level, has been charted at 15, 30, and 60 minutes. It is apparent 
that a test meal with added lysine produced a greatly increased peptie activity 
which appeared to be still rising at 60 minutes. 


minutes 60 
: ry. 2.—Alteration of gastric pepsin after test meals with and without added amino acids. 
Key: © O, pepsin gain or loss over fasting level with test meal; @ —@, pepsin gain or loss 


over fasting level with test meal plus arginine; . pepsin gain or loss over fasting level 
with test meal plus lysine. 


TABLE III. MEAN DirrereNces Between Test MEALS WITH AND WITHOUT 


AMINO ADDITION 


ARGININE 
_ Minutes | HCl(unirs) | an 
+ 4.0 y 10.8 
20.0 

~17.6 

56.1 

+14.4 


‘sm, — + 
Ni N2 


Interpretation of the data presented may be aided by another statistical 
approach, using the method of paired variates. Calculation of the mean dif- 
ferences in the hydrochlorie acid secretion and pepsin secretion, after test 
meals with and without addition of an amino acid, yields the results that ap- 
pear in Table III. These results support the conclusion that, used in equal 
amounts, lysine does and arginine does not stimulate gastric secretion of both 
hydrochloric acid and pepsin. 
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DISCUSSION 


It is apparent there is a considerable difference between the effect on 
gastric secretion of L-lysine monohydrochloride and that of L-arginine mono- 
hydrochloride. These differences cannot be aseribed to variations in solu- 
bility, dissociation, or physical characteristics, and are, therefore, aseribed by 
us to the specific physiologic roles of the 2 amino acids.” * 

The few observations here reported lend some credence to the hypothesis 
proposed by some physiologists* that the breakdown products of ingested food 
act in some measure to control the seeretion of digestive juices. Thus, Ivy 
and Javois® demonstrated that even a very small concentration of free amino 
acids in the intestine produce gastrie secretion. But it is even more interesting 
that the present studies indicate that the individual amino acids are dissimilar 
in action. Further studies might, for example, result in observations indicating 
that not only do certain amino acids have a gastrosecretagogue effect and 
others a neutral effect, as with lysine and arginine, but that still others may 
inhibit gastric secretion. Even with our present incomplete data it is possible 
to state that the amino acid composition of protein foods in all likelihood have 
a significant influence upon the degree of gastric secretion evoked by their 
ingestion. 


CONCLUSIONS 


1. Arginine monohydrochloride, administered in a dose of 5 Gm. with a 
bread and water test meal, produced no significant changes in the amount of 
hydrochloric acid or pepsin detectable. 

2. This is in distinction to the effect of lysine monohydrochloride which, 
given in an identical dose, produced a substantial rise in pepsin and a moderate 
rise in hydrochlorie acid as measured fractionally. 


We wish to express our gratitude for the technical assistance of William Garfield, 
Leonard Garner, and Fredric Heilman. 
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OBSERVATIONS ON THE DIAGNOSIS OF TUBERCULOUS 
MENINGITIS 


N. L. Wricut, M.B. 
Be.rast, Norra IRELAND 


ETWEEN August, 1947, and December, 1955, 280 cases of tuberculous men- 

ingitis were admitted to the Northern Ireland Fever Hospital. In a review 

of these cases, certain facts relevant to the diagnosis of the disease have be- 
come evident and are offered for consideration. 

It is accepted that tuberculous meningitis is essentially progressive, and, if 
left untreated, the patient pursues a rapidly downhill course. It is of interest 
to observe how this has been borne out by reference to the cases of this 
series. A comparison has been made between the severity of the disease on 
admission to the hospital, and the number of days which had elapsed since 
the patient first became ill. The assessment of severity was made clinically 
on the lines of the classification used by the Medical Research Council’ in 
their streptomycin trials (1948), each case being designated A (mild), B 
(moderate) or C (severe) accordingly. The numbers of cases of each se- 
verity and the duration of illness are given in Table I. It is apparent that 


TABLE [, COMPARING THE SEVERITY AND THE DURATION OF ILLNESS ON ADMISSION 


a SEVERITY OF ILLNESS 


DURATION OF ILLNESS 
IN DAYS 


TOTAL 


2. (17.8) 104 (87.1) 
a. 5) 61 (60.4) 149 (53.2) 
6. 22 (21.8) 27 9.7)5 
(100) 


A 
‘ 
9 


24 
( 
Total 


35,8146 
Degrees of Freedom 2 
Probability P < 0.001 


In all tables, the numbers in parentheses indicate percentages. “It has also been necessary 
to group certain data to facilitate the X* test. 
the majority of mild cases were those who were diagnosed within the first 
week of illness, and that those diagnosed later were, for the most part, in 
the moderate or advanced stages of the disease. A X* test has been ap- 
plied to the same figures: the result indicates that, at the conventional 
level of P=0.05 (accepted throughout this paper), the differences shown 
in Table I are greater than are likely to have oecurred by chance. It would 
emphasize, therefore, that there is no such thing in tuberculous meningitis 
as self-limitation, and it is imperative, especially now that treatment is 
available, that the diagnosis should be made at the earliest possible moment. 


From the Northern Ireland Fever Hospital, Belfast, N. Ireland. 
Received for publication Dec. 3, 1957. 
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Diagnosis was based on clinical, laboratory, and other findings. The 
latter ineluded: cerebrospinal fluid (C.S.F.) sugar and protein estimation, 
C.S.F. chloride estimation (rarely), C.S.F. cell count, examination of the 
C.S.F., gastric contents, and urine for tuberele bacilli, the use of the Man- 
toux reaction, and radiologie examination for evidence of tuberculosis else- 
where in the body (regarded as being presumptive value as to the etiology 
when the clinical signs and other tests indicated meningeal involvement). 
It is proposed to deal only with the following data: (1) C.S.F. sugar estima- 
tion; (2) C.S.F. protein estimation; (3) examinations for tuberele bacilli; 
and (4) the Mantoux reaction. 


TABLE IT, COMPARING SEVERITY OF ILLNESS AND INITIAL C.S.F. SUGAR LEVELS 


C.8.P. SUGAR LEVELS 


(MG. PER CENT) B TOTAL 


0- 9) : 9 (13.0) 
10-19 34.7) § § (27.2) 
20-29 5.2 : : 36. 2 (36.4) 
30-39 24.2 2 8.5 ‘ 8.6 (15.7) 
40 and over € 7.3) 


Total 88 (100) (100) 101 (100) : (100) 
Mean "38.7576 25.9452 16.4356 
Standard Error 2.1137 1.0049 1.2082 

44,4522 

Degrees of Freedom 4 

Probability P < 0.001 


See ‘footnote to Table I. 


C.S.F. Sugar Estimation.—It has long been reeognized that in tubereu- 
lous and other forms of meningitis, the C.S.F. sugar level shows a marked 
fall, and this has been attributed by Hendry* to glycolysis due to the pres- 
ence of polymorphonuclear leukocytes (the cellular reaction in the C.S.F. in 
tuberculous meningitis is predominantly lymphocytic, but some polymor- 
phonuelear cells are present especially in the early stages). Somner* has 
claimed that this decrease in sugar “is the most useful single factor in the 
early diagnosis of tuberculous meningitis,” and that “it falls with progres- 
sive disease, and rises as the disease process undergoes resolution.” Search 
has been made in the literature for confirmation of this contention. It would 
appear that this is simply a clinical impression, widely accepted, but with- 
out mathematical basis, and it was decided, therefore, to apply the figures 
pertaining to the 280 cases under review to determine whether they would 
be supportive or otherwise. The figures obtained at the time of admission 
to the hospital, or at the time when diagnosis was made, were available 
for each case, and these have been compared with the severity of the illness 
as assessed on clinical examination at that time. Was the patient’s clinical 
condition accurately reflected in the C.S.F. sugar level? The results are 
given in Table II and lend support to this view. The mean sugar value was 
higher among the mild (severity A) cases and showed a consistent decrease 
in the more advanced cases (severity B and C). These mean values of C.S.F. 
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sugar levels and their distributions have been tested by an analysis of vari- 
ance and X® test, respectively, and the apparent differences proved to be of 
significance. 

It is felt that comment should be made on the value of concomitant 
blood sugar and C.S.F. sugar estimations. The ratio of C.S.F. sugar to 
blood sugar content should not fall below 0.6:1 under normal circumstances. 
In tuberculous meningitis, both the C.S.F. sugar level and the ratio of 
C.S.F. to blood sugar are reduced. Although this fact was pointed out by 
Hendry* several years ago, it does not appear to have been given its proper 
place as an aid in the diagnosis of the difficult case. In this series, it has 
been found of most value in those cases with meningeal signs of moderate 
severity, with a lymphocytic cell reaction in the C.S.F. and without bac- 
teriologic proof as to the causative agent. The lower sugar level and 
ratio were taken as strong presumptive evidence that the meningitis was, 
in fact, tuberculous in origin rather than, say, one of the benign lympho- 
eytie forms. 

C.S.F. Protein Estimation.—In common with other diseases in which there 
is a meningeal reaction, the C.S.F. protein level rises in tuberculous meningitis. 
The question was also studied as to whether or not this rise reflected the severity 
of the illness. The figures for 257 cases were available and these have been 
tabulated against the patient’s condition as adjudged clinically at the time 
when the initial lumbar punctures were done. That the protein level rises 
consistently as severity increases may be seen from comparison of the mean 
values for severity A, B, and C. That these differences (in mean values and 
in distribution) are significant has been shown again by an analysis of vari- 
anee and X? test (Table IT). 


TABLE IIT. CoMpaARING Severtry oF ILLNESS AND INITIAL C.S.F. Prorern LEVELS 


C.8.F. PROTEIN LEVELS SEVERITY oF ILLNESS 

(MG. PER CENT) 3 A B 
0- 99 23 (69.7) 80 (20.7) 20 (25.3) (28.4) 

100-199 8 (24.3) 70 (48.3) 25 (31.6) 103 (40.1) 
200-299 1 ( 3.0) 33 (22.7) 16 (20.3) 50 (19.4) 
300 and ove 1 ( 3.0) 12 ( 8.3) 18 (22.8) ‘- 31 (12.1) 

33 (100) (100) 79 (100) (100) 

Mean 75.6364 ‘ 167.0687 193.4051 

Standard Error_ 22.8218 10.8866 14.7490 

Degrees of Freedom 

Probability P<0.001 


See footnote to Table I. 


TABLE IV. CorrReELATION CoEFFICIENT BETWEEN C.S.F. Prorern AND SuGAR ESTIMATIONS 


Correlation coefficient 0,2892 
Value of t — 3.6289 
Degrees of freedom 256 


Probability P < 9.001 


So far, it has been shown that, in tuberculous meningitis, the C.S.F’. sugar 
eontent falls with progress of the disease while the C.S.F. protein content 
tends to rise. Are these two factors accurately correlated? Values of 257 
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protein estimations, and also for the corresponding sugar estimations (made 
in the same specimen of C.S.F.), were available. The results of the calculation 
involved are given in Table 1V. This correlation is significant. The negative 
value of r confirms that the protein and sugar reactions are in opposite direc- 
tions, i.e., as the protein level rises, the sugar level tends to fall (both in rela- 
tion to inerease in severity of the illness). That the correlation coefficient is 
small can only be explained by assuming that one or other of the factors in- 
volved must be inconstant in its performance as regards severity. This is more 
likely to be true of protein than of sugar. In the first instance, it is recognized 
that protein levels are subject to considerable fluctuations such as are not 
reflected by the sugar levels, e.g., after the administration of intrathecal strep- 
tomycin.® Another reason is that protein levels are measured in figures reach- 
ing as high as several hundreds compared with much smaller figures in the 
ease of sugar levels. It follows that a small technical inaccuracy in making 
the protein estimation will lead to a greater error in subsequent calculations 
than if a similar inaccuracy occurred in making the sugar estimation. Fur- 
thermore, tuberculous C.S.F. may show a tendency to fibrin clot formation 
if any time elapses before it is examined; this would also tend to affect the 
accuracy of the protein estimation without necessarily altering the sugar 
content. On the whole it may be said that the C.S.F. protein content offers 
some indication of the severity of tuberculous meningitis, but that this index 
is less constant and reliable than the C.S.F. sugar content. 


Examination for Tubercle Bacilli.—1. In each case in this series, examina- 
tion of the C.S.F. for tuberele bacilli was made by direct microscopy (Ziehl- 
Neelson’s method) and by culture methods (Léwenstein-Jensen’s medium). 
For initial diagnosis, the latter method is too slow to be of value, but its virtue 
lies in the fact that certain cases, treated on their clinical merits as tuberculous 
meningitis, may in the long run be proved, in spite of a perhaps fruitless search 
for mycobacteria in the stained films. Owing to difficulty in tracing past 
records, the results of film and culture examinations for tubercle bacilli are 
available for only 232 and 197 patients, respectively, out of a total of 280. 
Table V indicates the measure of success in isolating the organism. It is in- 
teresting to compare these figures with those published by Harvey® in 1950. 
He reported positive results in 74 per cent of his cases on examination of the 
film and 76 per cent on culture. 


TABLE V. Resvuuts or C.S.F. EXAMINATION FOR TUBERCLE BACILLI 


NO. OF CASES WITH RESULTS | NO, OF CASES WITH POSITIVE 
METHOD OF EXAMINATION AVAILABLE RESULTS 
Direct microscopy 232 (100) 
Culture 197 (100) 


See footnote to Table I. 


2. Examination of gastric residue: a fasting sample of gastric residue was 
obtained and cultured for tuberele bacilli. 

3. Examination of urine: a sample collected with sterile precautions was 
also cultured for tuberele bacilli, The results of these two tests are given in 
Table VI. 
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TABLE VI. RESULTS OF EXAMINATION OF GASTRIC CONTENTS AND URINE FOR TUBERCLE BACILLI 


‘| NO. OF CASES WITH RESULTS | NO. OF CASES WITH POSITIVE 


METHOD OF EXAMINATION AVAILABLE RESULTS 
Gastric contents culture 145 (100) 31 (21.4) 
10 ( 6.8) 


Urine culture 146 (100) 


See footnote to Table is 


4. The Mantoux reaction: using Old Tubereulin (0.1 ml. of a 1:1,000 or 
1:100 solution) by intradermal injection. It has been pointed out that de- 
creased resistance to infection is sometimes encountered in patients with a 
severe or advanced form of tuberculosis. It might, therefore, be expected that 
in eases of tuberculous meningitis, a considerable number of patients would 
give negative results. Such was not observed; there were only 4 doubtful 
negative reactions out of a total of 188 patients whose results have been re- 
corded, all the others giving well-defined positive results. 


SUMMARY 


1. The results are given of some of the investigations conducted on a series 
of 280 cases of tuberculous meningitis, admitted to the hospital over a period of 
814 years. 

2. By presentation of relevant data, emphasis has been laid on the pro- 
gressive nature of the disease, and on the necessity for early diagnosis. 


3. It has been confirmed that the C.S.F. sugar level falls significantly 
with increase in the severity of the disease, and, conversely, that the C.S.F. 
protein level rises. Also, that the sugar level is a more reliable guide to se- 
verity. These facts, hitherto clinical observations, have been substantiated by 
submission of the available figures to statistical analysis. 


4. The value of estimating the blood sugar level concomitantly with the 
C.S.F. sugar level as an aid in diagnosis has been stressed. 

5. Results are given of examinations of C.S.F., gastrie residue, and urine 
for tuberele bacilli, and mention is made of the results of the Mantoux re- 
action. 


I am indebted to Dr. F. F, Kane, Medical Superintendent, Northern Ireland Fever 
Hospital, for kind permission to use his cases and to Dr. G, F. W. Tinsdale for access to 
laboratory records, 
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GROUP-SPECIFICITY OF PSITTACOSIS-LYMPHOGRANULOMA 
VENEREUM GROUP SKIN TEST ANTIGENS IN 
LYMPHOGRANULOMA VENEREUM PATIENTS 

Maurice R. Hitteman, Pu.D., Aston B. Greaves, M.D., 
JACQUELINE H. WERNER, M.S 
Wasuineron, D. C. 


KIN test and complement-fixing antigens prepared from lymphogranuloma 

venereum virus grown in the yolk sacs of embryonated hens’ eggs are 
highly efficient for diagnosis of lymphogranuloma venereum in patients. * 
Treatment of suspensions of lymphogranuloma venereum virus with phenol 
enhances* the complement-fixation titer of the antigen without increase in skin 
test antigen activity.* Such complement-fixing antigen is broadly group- 
specific in tests with sera from patients with lymphogranuloma venereum, psit- 
tacosis, or ornithosis.**° The present report describes the results of a compre- 
hensive study to measure the group- or species-specificity of phenol-enhanced 
antigens prepared from 6 viruses of the psittacosis-lymphogranuloma venereum 
family and tested in human lymphogranuloma venereum patients. 


MATERIALS AND METHODS 


Antigens.—The psittacosis (6BC), ornithosis (P4), meningopneumonitis (MP-F97), 
lymphogranuloma venereum (JH), feline pneumonitis (Baker), and mouse pneumonitis 
(Nigg) viruses employed in the present study have been described elsewhere.o The antigens 
for complement fixation (C.F.) and skin tests were prepared from suspensions of yolk sacs 
of infected embryonated hens’ eggs which were treated with 0.5 per cent phenol at 37° C. 
for periods up to 8 weeks, to effect maximal enhancement of the C.F, titer.8,5 The infee- 
tivity of the virus was destroyed by the process and all lots of antigen were checked for 
safety by passage in 6-day-old embryonated eggs inoculated via the yolk sac.4 Noninfected 
yolk sac antigens for control purpose were prepared in identical fashion. 


C.F. Test Procedure.—This technique has already been deseribed.6 The antigens were 
titrated in half-log steps (i.e., 1:200, 283, 400, 566, 800) to 1:6,400. The antigen titer was 
the highest initial dilution of yolk sae in the test which ow 75 per cent or more fixation 
of complement in the test and 1 C.F. unit was contained in 0,25 ml. of that dilution. 


Skin Test Titration—The skin test titrations of L.V. and heterologous antigens were 
earried out in serologically-proved L.V, patients who reported to the Clinie for treatment. 
For assay, 0.1 ml. volumes of L.V. antigen containing 0.1, 0.2, 0.4, 0.8, 1.6, or 3.2 C.F. anti- 
gen units were injected intradermally on the volar surface of one arm of an L.V. patient 
and the same numbers of units of a heterologous antigen were injected intradermally in the 
other arm, Normal control antigen in greater concentration of yolk sac than that of the 
viral antigens was also given. The range of dilution of infected yolk sae which contained 
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from 0.1 to 3.2 C.F. units of viral antigen in 0.1 ml. was 1:283 to 1:18,100. The tests were 
observed at 2 and 7 days postinjection. A positive test was one in which the axes of the 
papule formed was 6 mm. by 6 mm. or greater and the result was recorded as the product 
of the dimensions of the axes in millimeters. The skin test titer was expressed as the least 


amount of C.F. antigen, in units, which elicited a positive reaction. Each L.V. patient was 
tested only once in the study. 
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Fig. 1.—Results of skin test titrations of L.V. and heterologous psittacosis-lymphogranuloma 
venereum group antigens in patients with lymphogranuloma venereum. 


RESULTS 


The results of the skin test titrations of L.V. antigen and of a heterologous 
antigen in each of 16 patients are presented in Fig. 1. The black bar desig- 
nates the least amount of L.V. antigen which elicited a positive skin test reac- 
tion in the patient. The cross-hatched bar designates the least amount of a 
heterologous antigen which gave a positive test in the same patient. It is seen 
in the figure that the amount of antigen required to elicit a positive skin reac- 
tion was usually considerably less than 1 C.F. antigen unit. Further, the vari- 
ous psittacosis-lymphogranuloma venereum group antigens tested were remark- 
ably group-specific in that all 6 viral antigens induced a positive reaction in the 
L. V. patients. The amount of L.V. antigen needed to give a positive test was 
extremely small, usually 0.1 C.F. unit or less. The heterologous psittacosis 
and mouse pneumonitis antigens proved as active as the L.V. antigen in pa- 
tients 12 through 16 in whom the tests were performed. The heterologous 
meningopneumonitis, ornithosis, and feline pneumonitis antigens, in most in- 
stances, proved less reactive in the skin tests than the homologous L.V. anti- 


gen. None of the patients reacted significantly to the uninfected yolk sac 
control antigen. 
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Table I and Fig. 2 illustrate further the marked group-specificity of the 
skin test reactivity of these antigens. A single L.V. patient was injected into 
the skin of the lumbodorsal surface with 0.5 to 2.0 C.F. units of homologous or 
heterologous antigen. The amounts of antigen employed were adjusted to 
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about twice as much as the estimated minimum required to give a positive re- 
sult in the skin test titrations. The papules elicited by the different viral 
antigens were essentially identical in form and were roughly equal in size, the 
product of the axes ranging from 42 to 81 mm. There was no significant reac- 
tion to normal control antigen. 


DISCUSSION 
Strain-specifie differentiation of infection in man with psittacosis or 
lymphogranuloma venereum on other than clinical bases has proved extremely 
perplexing because of the sharing of major antigenic components by agents of 
this family. In limited studies, Barwell'' and Bedson and associates’? have 
found highly strain-specifiec skin test reactions in patients with psittacosis or 
L.V. when acid extract antigens prepared from these agents were used. The 
striking group-specificity of the skin reaction elicited by the phenol-enhanced 
antigens in L.V. patients is consistent with the findings of others’'’ who showed 
marked dermal cross-reactivity in tests carried out in animals or patients using 
nonextract antigens prepared by various methods. The slight antigenic differ- 
ences between strains shown in the present tests were so minor as to be of no 
practical consequence in attempts to obtain a species-specific diagnosis in pa- 
tients. Instead, the findings showed that any of the 6 antigens, properly stand- 
ardized, may be quite satisfactory for diagnosis of L.V. in man. It may be 
advantageous, therefore, to substitute a strain of virus nonpathogenic for man, 
such as the feline or mouse pneumonitis virus, for the highly virulent L.V. virus 
currently employed for commercial production of skin test antigen. This 
would reduce the hazard of infection to laboratory workers in handling the in- 
fectious material and would improve the safety of the product from the stand- 
point of the recipient. 


SUMMARY 


Skin test antigens prepared from phenol-treated suspensions of yolk sacs 
of embryonated eggs infected with lymphogranuloma venereum, meningopneu- 
monitis, ornithosis, feline pneumonitis, psittacosis, or mouse. pneumonitis virus 
all elicited positive reactions when titrated in L.V. patients. The dermal activ- 
ity of certain of the heterologous viruses, shown in the titrations, was slightly 
less than that of the homologous L.V. virus, suggesting slight species-specificity 
among these agents. However, the difference was neither great enough nor 
sufficiently consistent to be of practical significance in providing a species- 
specific diagnosis in infection with these agents. It is suggested that the mouse 
pneumonitis or feline pneumonitis viruses, which are nonpathogenic for man, 
might be profitably substituted for the highly virulent L.V. virus presently 
used to prepare skin test antigen. 
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DISTRIBUTION AND REMOVAL OF COMPONENTS CROSS-REACTIVE 
WITH MOUSE LIVER IN RABBIT ANTISERA AGAINST 
THE EHRLICH ASCITES TUMOR 


P. C. Rasam, Pu.D. 
ANN Arpor, Micu. 
WITH THE TECHNICAL ASSISTANCE OF MARGARET E, WirGau 


HE application of immunologic principles to the treatment of malignant 

tumors has occurred to several workers since the turn of the century.’ 
Early attempts to use antisera made against tumor cells therapeutically 
yielded equivocal results; however, this field has gained considerable mo- 
mentum recently, as a result of fundamental studies on tissue immunity.® * 
In its simplest form, the experimental approach depends on the preparation of 
antisera against tumor cells, the administration of such antisera to animals 
bearing the homologous tumor, and the regression of the tumor as a result 
of eytotoxie antigen-antibody reactions following specific localization of tumor 
antibodies at the tumor site. 

With the development of radioisotope protein-labeling techniques in re- 
cent years,** the problem of localization of tissue or tumor antibodies in vivo 
has been extensively investigated with radioactive antibody.”.* <A logical ex- 
tension of these principles has led to a new concept of immunologic therapy 
which does not necessarily rely on therapeutic effeets of tumor antibody, but 
on radiation damage to tumors, induced by specific localization of antibody- 
earried radioactivity at tumor sites, which, ideally, results in localization of 
radioactivity at the tumor site alone, with minimal contamination of other 
tissues.® 

When attempts are made to translate these principles into experimental 
fact, certain major problems are encountered which tend to limit greatly the 
amount of antibody localizing at the tumor site, and which result in unde- 
sirable deposition of antibody (and therefore radioactivity) in other tissues 
of the animal, notably the liver, spleen, and kidney. Such results have been 
predicted by similar studies on tissue antibodies,’® and greatly reduce the 
value of this approach. This is due to the fact that antisera prepared against 
tumor cells frequently involve the use of a highly complex antigenic system, 
resulting in the production of antibodies that cross-react with the tissue of the 
normal host.’* Any method resulting in minimized cross-reactive phenomena 
would be of value in the solution of this problem. 


a From the Department of Bacteriology, University of Michigan Medical School, Ann Arbor, 
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There is little doubt that the most fundamental method of attack would 
involve the preparation of an antigen peculiar to the tumor cell alone, and 
not present in host tissue. However, from an immediate practical point of 
view, it has seemed desirable to investigate the possibility of separation of 
serum components reacting with tumor cells and with normal host tissue, re- 
spectively. Newer knowledge of the diversity of antibodies, particularly to 
complex cellular antigens, and growing realization of the existence of serum 
globulins having characteristics intermediate between the principally reeog- 
nized classes,’* renders feasible the possibility of removal of cross-reactive 
materials in this way. 


This report is concerned with such an examination of tumor antiserum. 
The Ehrlich mouse ascites carcinoma and its antiserum have been used as a 
model system. 


MATERIALS AND METHODS 


Mouse Liver Antigen.—Livers were removed from normal Swiss mice, placed in cold 
Alsever’s solution and homogenized in a Potter-Elvehjem homogenizer, The suspension 
was centrifuged twice (35 g, 10 minutes, 0° C.), the supernates pooled, and recentrifuged 
(1,000 g, 20 minutes, 0° C.), The sediment from this centrifugation was washed twice 
with 0.85 per cent sodium chloride solution containing 0.01 per cent magnesium chloride 
(Mg saline) under similar conditions of centrifugation, and finally completely resuspended 


in Mg saline. The suspension was adjusted to 75 per cent transmission on a Lumetron 
colorimeter. 


Preparation of Tumor Cell Antigen.—The Ehrlich mouse ascites carcinoma was carried 
in male Swiss mice, line transfer being effected by intraperitoneal inoculation of 0.2 ml. 
of ascites fluid from 7-day-old ascites tumors. Fluid was withdrawn from the peritoneal 
cavities of mice with 7-day-old tumors, and delivered into an equal volume of cold Al- 
sever’s solution. The cells were packed (35 g, 5 minutes, 0° C.) and washed with cold 
Alsever’s solution until free of red blood cells. For use in complement fixation tests, the 
washed, packed cells were diluted with Mg saline to a concentration of 10¢ cells per milli- 
liter suspension, Counts were made in a Petroff-Hauser counting chamber. For use as an 
immunizing antigen, the cells were suspended in Alsever’s solution at the desired concen- 
tration. 


Immunization of Rabbits—Rabbits of both sexes (average weight, 3 kilograms) were 
immunized intravenously, according to the following schedule: 1 x 106 cells given in 2 
doses, 3 days apart, for the first week; 2 x 10¢ cells and 5 x 10° cells given at similar in- 
tervals during the second and third weeks, respectively; 5 x 10¢ cells were administered 
in 2 doses, 3 days apart, during the fourth week. 

Animals were bled by cardiac puncture 3 to 4 days after the final dose, and the blood 
allowed to clot. The individual sera were tested for antitumor titer by the yuantitative 
(50 per cent end point) complement fixation reaction,!5 using tumor cell suspension as 
antigen, Sera titering at 1:1,280 or higher were pooled for fractionation. 


Fractionation of Antiserwm.— 


Preparation of serum proteins: Pooled serum was fractionated by the low-tempera- 
ture ethanol fractionation technique of Deutsch.1¢6 This standard procedure resolves the 
serum proteins into 3 main groups: albumin alpha globulin, gamma-l-beta globulins, and 
gamma-2 globulins. After precipitation, the first two groups were freed of alcohol by 
dialysis against 0.85 per cent sodium chloride, and the third group by dialysis against 
distilled water. The dialyzed materials were lyophilized and stored at —-30° C. Fractions 
prepared in this way will be termed “once fractionated” (1x) fractions. 
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Subfractionation of gamma-1-beta and gamma- globulins: Once fractionated y,-globu- 
lin was purified by equilibrating a 1 per cent solution (ionic strength approximately 0.01) at 
pH 5.1 for 10 minutes at 0 to 5° C., after which the precipitate was removed by centrifuga- 
tion at 0° C. The supernate was adjusted to pH 7.3 and the y,-globulin precipitated by 
adding ethanol to a final concentration of 25 per cent at -6° C. The precipitate was 
collected by centrifugation at this temperature, following which it was dissolved in 100 
ml. distilled water, and the entire procedure repeated. The final purified y-globulin was 
freed of alcohol by dialysis against distilled water and finally lyophilized. 

Gamma-l-beta globulin, once fractionated, was dissolved in 0.85 per cent sodium 
chloride solution, at a concentration of approximately 1 per cent, yielding an opalescent 
(and slightly turbid) solution, This was adjusted to pH 7.3, equilibrated at 0 to 5° C. for 
10 minutes, and the insoluble material removed by centrifugation at 0° ©, The supernate 
was adjusted to pH 5.1 and the precipitate was collected by centrifugation at this tempera- 
ture when the entire procedure was repeated. The precipitate was dissolved as before in 
100 ml. 0.85 per cent sodium chloride, dried by lyophilization, and stored at -30° C. 

Globulin preparations purified in this manner will be termed “thrice fractionated” 
(3x) fractions, 


Normal serum: Pooled serum from several normal (nonimmunized) rabbits was frac- 
tionated in the same way. The normal protein fractions were used as controls in the ex- 
periments. 


Complement Fixation Tests.—The quantitative (50 per cent end point) complement 
fixation test!5 was used. Once fractionated albumin a-globulin, y,-B-globulins and ¥,-globu- 
lin fractions, and thrice fractionated y,-8- and ¥,-globulin fractions were proportionally 
reconstituted to original serum concentration. All fractions were titrated against both 
liver and tumor antigens, end points being determined spectrophotometrically, Anticom- 
plementary controls were run on both antigens, and also on the protein fractions. 


Paper Electrophoresis of Once and Thrice Fractionated Globulins.—Samples were dis- 
solved in 0.85 per cent sodium chloride solution, Concentrations ranged between 15 and 
25 mg. protein per milliliter. Five lambda portions were applied to individual paper strips 
(S and 8S 470) with a wire loop applicator, and electrophoresis carried out in a Durrum 
type electrophoresis cell (Spinco Model R, Series D) in pH 8.6 veronal buffer (ionic 
strength 0.075) at room temperature, All fractions were run in duplicate. After electro- 
phoresis, the strips were dried at 120° C., stained with 0.1 per cent bromophenol blue in 
methanol; excess stain was removed with 5 per cent acetic acid, and the color developed 
with ammonia. Electrophoretic patterns were recorded with an automatic integrator- 
densitometer (Spinco Analytrol, Model RB). 

In preliminary experiments, a current of 2.5 Ma. was applied for 16 hours. In the 
final experiments, 15 Ma, were applied for 20 hours. 


Electrophoresis of Immune Pooled Rabbit Serum.—The procedure used was exactly 
similar. Five lambda samples were used, and were electrophoresed as before, but at 2.5 
Ma. for 16 hours, 


RESULTS 


Results of titration of once fractionated albumin-a-globulin, y.-globulin, 
and y,-8-globulin fractions from immune sera are shown in Table I. It was 
apparent that antitumor and antiliver activity resided in the last two globulin 
fractions; the albumin a-globulin fraction did not react to a significant extent 
with either antigenic preparation, and was consequently excluded from 
further consideration. 


Onee fractionated y2- and y,-8-globulins gave relatively high titers against 
tumor, these being 1:1,280 and 1:640, respectively. Against liver antigen, 
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titers were 1:640 and 1:1,280, respectively. Both globulin fractions, therefore, 
reacted strongly with these antigens and to essentially the same extent. 

None of the fractions obtained from pooled normal serum reacted sig- 
nificantly with either antigen and was not considered further, 


TABLE I. DistripuTION OF CrosS-REACTIVE MATERIAL IN NorMAL RABBI1 SERUM AND IN 
RABBIT ANTISERUM AGAINST EHRLICH ASCITES TUMOR 


TEST ANTIGEN 


FRACTION TESTED LIVER PARTICULATES 


PUMOR CELLS 


Normal Serum 
Albumin a-globulin (1x) < 1:40 740 
¥,globulin (1x) 1:160 :80 
7, globulin (3x) < 1:80 
y¥,B-globulins (1x) 1:160 

Immune Serum 
Albumin a-globulin (1x) < 1:40 
globulin (1x) 1:1,280 
v,globulin (3x) 1:1,280 
7,B-globulins (1x) 1:640 
y¥,B-globulins (3x) 1:80 


ix = First fractionation from serum. 
3x = Refractionated three times. 


Cc D 


Fig. 1.-Electrophoretic accompanying purification of y:- and +:-8-globulins from 
Ehrlich ascites tumor antiserum, = Line of origin. A, ya-globulin, first fractionation from 
serum. B, y-globulin, refractionated three times. C, y:-8-globulins, first fractionation from 
serum. D, y:-8-globulins, refractionated three times. 

Densitometer patterns from paper electrophoresis strips stained with bromphenol blue. 
Five lambda samples; protein concentration 20 to 25 mg. per milliliter. 15 Ma. for 20 hours in 
pH 8.6 veronal buffer, ionic strength 0.075. 


When these globulin fractions were purified further (thrice fractionated), 
complement fixation tests showed a marked difference from the results with 
once purified material (Table I). The y2-globulin no longer reacted with 
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liver antigen to a significant extent, while preserving activity against tumor 
cells. The y,-8-globulin fraction, however, no longer reacted significantly 
with either antigen. 

In preliminary attempts to characterize these globulin fractions by paper 
electrophoresis, conditions adequate for complete separation of the proteins of 
whole antiserum (pH 8.6 buffer, ionic strength, 0.075, 2.5 Ma., 16 hours) re- 
sulted in the formation of single broad bands with both the once fractionated 
globulin fractions. The limits of these bands were on both the positive and 
negative sides of the line of origin, but the bands themselves showed no evi- 
dence of resolution. However, when electrophoresis was repeated under con- 
ditions of higher current and for a longer time (15 Ma., 20 hours), partial 
resolution of these bands into two major components was obtained. In the 
ease of both globulin fractions, a faster-moving component was present on the 
positive and a second component on the negative side of the line of origin. 


Fig. 2.—Electrophoretic pattern of whole antiserum against Whrlich ascites tumor, O = 
Line of origin. Densitometer pattern from paper electrophoresis strips stained with bromphenol 
blue. Five lambda whole serum, 2.5 Ma., 16 hours in pH 8.6 veronal buffer, ionic strength 0.075. 


When thrice fractionated y.- and y,-8-globulin were electrophoresed un- 
der identical conditions, it was found that a major portion of the faster moving 
component had been removed by the purification process, while the greater 


portion of the slow component remained. Results of electrophoresis experi- 
ments are summarized in Fig. 1. 
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Results of electrophoresis of immune rabbit serum are presented in 
Fig. 2. 


JISCUSSION 


When complement fixation titers against both tumor and liver antigens 
were performed, findings indicated that reactivity of once fractionated serum 
proteins against these antigens resided in the y.- and y,-8-globulin fractions. It 
is known that antibodies formed by the rabbit are largely present in the 
yo-globulin fraction.’® It was, therefore, reasoned that the antitumor titer 
shown by the y,-8-globulin fraction might well be due to contamination with 
y-globulin, although the possibility of tumor antibodies being present in both 
fractions was not precluded. Conversely, complement fixation titers with 
onee fractionated materials indicated that the reactivity of y-globulin with 
normal mouse liver might be due to contamination with y,- or #-globulin, 
since the fraction containing these proteins showed marked cross reactivity 
with liver antigen. If this hypothesis was correct, purification of the two 
globulin fractions (y. and y,-8) by subfractionation should have resulted in 
the reduction or removal of the antiliver titer of the y-globulin fraction, anti- 
tumor titer being retained, and in loss of the antitumor titer of y,-8-globulin 
fraction, antiliver titer being retained. 


When subjected to subfractionation, complement fixation reaction results 
indicated that this reasoning was indeed correct as far as y-globulin was con- 


cerned. However, it was noted that y,-8-globulin, while losing antitumor titer, 
simultaneously lost its titer against mouse liver antigen. These results in- 
dicated the possibility that the once fractionated y,-8-globulins contained a 
component, certainly reactive with liver and possibly tumor antigens, that was 
largely removed by the purification procedure. If this was true, the anti- 
liver activity of onee fractionated y,-globulin might also be due to contamina- 
tion with this component. 

The nature of the purification accompanying subfractionation was stud- 
ied by electrophoresis, in order that this possibility might be tested. It is 
known that when the whole serum is electrophoresed under the conditions used, 
it is not possible to separate y.- and y,-globulin, although B-globulin forms a 
distinet band due to its greater mobility in the direction of the anode. The 
combined y-globulins usually migrate slightly toward the cathode, although they 
remain close to the line of origin. Preliminary studies on once fractionated 
yo Or y:-B-globulins, using comparatively low current, gave a single broad 
band (as deseribed above) and, although no resolution was obtained, sug- 
gested the possibility of resolution if stronger current was used. When per- 
formed, this did in fact oceur. The electrophoretic patterns obtained using 
once fractionated y.-globulin showed the presence of a y-globulin and of a 
faster-moving component. Those obtained with once fractionated y,-8-globu- 
lin fraction showed an almost identical pattern. In the ease of the y-globulin 
fraction, the y-globulin band indicated the presence of y.- (and perhaps y,-) 
globulin; this band indicated the presence of y,- (and possibly y.-) globulin in 
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the case of the y,-8-fraction. The faster-moving component in both cases occu- 
pied the same position on the paper strip. Subfractionation resulted in marked 
loss of the latter component in both eases. 

It was, therefore, concluded that the initial reactivity of y.- and y:-f- 
globulin fractions with liver antigen was associated with the fast-moving com- 
ponent. Since the removal of this component from once fractionated y,-globu- 
lin did not result in loss of tumor titer, it was concluded to be not markedly 
reactive with tumor antigen. The antitumor titer of once fractionated y,-f- 
fraction is therefore probably due to contamination with y-globulin. 

The fast-moving component has been tentatively identified as a B-globu- 
lin. This component is usually completely resolved when whole serum is elec- 
trophoresed on paper, and occupies a position slightly beyond that of the fast- 
moving component, on the positive side of the line of origin (Fig. 2). How- 
ever, 2.5 Ma. applied for 16 hours are sufficient to give this result. Data pre- 
sented by Deutsch'® show that, as fractionation of serum proceeds, the 
B-globulin does not resolve completely from y,-globulin. Cohn" has stated 
that subfractionation of 8-globulin-containing fractions is difficult because of 
the insolubility of the precipitated material; in the subfractionation of y,-B- 
globulin deseribed in this report, a considerable amount of insoluble material is 
removed, 

The applications of these findings to experimental work with radioactive 
tumor antibody are apparent, since y-globulin fractions purified in this way 
should result in minimized localization of radioactivity in tissues other than 
tumor; and should facilitate quantitative studies on tumor antibody localiza- 
tion in vivo, as well as attempts at therapy with such antibodies. Experiments 
on this aspect are being carried out at this time. It should be emphasized, 
however, that this approach does not in any way diminish the importance of 
the search for antigens that can give rise to tumor-specific antibodies. 


SUMMARY 


1. Serum proteins from rabbit antiserum to cells of the Ehrlich mouse 
ascites carcinoma have been prepared, and their reactivity with tumor and 
normal mouse liver antigens determined. 

2. On first fractionation, both the y.- and y,-8-globulin fractions showed 
marked reactivity against both antigens. Purification by subfractionation 
resulted in removal of antiliver titer but not antitumor titer, from y,-globulin. 
Reactivity against both antigens diminished markedly in the y,-8-globulin 
fraction. 

3. Electrophoretic studies of the original and the purified globulins 
showed the partial removal of a component, tentatively identified as a 8-globu- 
lin, from both y2- and y,-8-fractions. The partial removal of this component is 
associated with loss of antiliver titer from both fractions. 


4. Cross-reactivity with normal mouse liver of y-globulin from tumor 
antisera can be greatly reduced by subfractionation. 


* 
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SERUM TRYPSIN DETERMINATION IN PANCREATIC DISEASE 


Grorce L. Narpi, M.D.* 
Boston, Mass. 


HE diagnosis of pancreatic disease, especially chronic pancreatitis and 

malignancy, is difficult and sometimes impossible. Serum amylase and lipase 
determinations, while of value in acute inflammatory states, are of little help 
in chronic conditions and are frequently transient in their elevations and not 
prognostic of the severity of the disease. The availability of synthetic poly- 
peptide substrates with amide linkages vulnerable only to specific enzymes 
has enabled us to devise a simple method for the quantitative analysis of 
circulating serum trypsin. 

The specific substrate we have utilized is a-benzoyl-l-arginine amide hydro- 


chloride which is commercially available and has the following structural 
formula: 


NH,-HCl 
C=NH 
NH 
| 
CH, 


| 
CH, 
| 
C,H,CO—NH-CH-CO--NH, 


The substrate is hydrolyzed very rapidly by trypsin to yield benzoyl-l- 
arginine and ammonia: 


Trypsin 
RI + WOH ——— RCOOTI + NH, 
Nil, 


To our knowledge no cireulating enzyme other than trypsin will result in 
such hydrolysis.'. The rate of reaction is proportional to the enzyme concentra- 
tion.’ The test is done by mixing the patient’s serum with the substrate for a 
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period of one hour. The ammonia formed is titrated by modifieation® of the 
Conway microdiffusion technique.* Values are expressed as units of tryptic 
activity. Commercial lyophilized trypsin® is used as a standard. 


MATERIALS AND METHODS 
Reagents.— 
1, Phosphate buffer, pH 7.8. 


2. Benzoyl-l-arginine hydrochloride monohydrate (BAA): 0.1 M in pH 7.8 phosphate 


buffer. 

3. Two per cent boric acid. 
Indicator: 5 parts of a 0.1 per cent alcoholic solution of bromeresol green; 1 part 
of a 0.1 per cent alcoholic solution of methyl red. 

5. Saturated K,CO,. 

Hydrochloric acid 0.01 N. 

. Hydrochloric acid, 0.25 N, with some indicator for soaking Conway dishes. 

. Petrolatum (for sealing). 


Note: All reagents are made with freshly-boiled distilled water except number 7. 
One-half milliliter of freshly drawn serum is added to 0.5 ml. of phosphate buffer and 


this is then added to 1.0 ml, of BAA substrate, This mixture is shaken for one hour in a 
“Yankee shaker” at room temperature. 


While the sample is shaking, petrolatum is applied to the glass covers, One milliliter 
of 2 per cent boric acid solution with indicator (olive-green color) is placed in the central 
chamber of a Conway dish. 


After shaking one hour a 0.2 ml. aliquot of the sample is deposited in the outer 
ring of the Conway dish. One milliliter of saturated K,CO, solution is immediately 
pipetted into the outer ring of the dish opposite the sample aliquot taking care that they 
do not touch one another. The dish is tightly sealed with the glass cover, and the K,CO, 
and sample are mixed by rotating the dish 15 times. 


After one hour the central chamber of the dish is titrated with 0.01 N HCl to the 
original olive-green color and is compared with an extra dish containing the original 
2 per cent borie acid and indicator, Subsequent titrations are compared with the one just 
run rather than the original dish, 


All determinations including blanks are run in duplicate. 

The amount of acid used in the titration is standardized against known concentra- 
tions of lyophilized crystalline trypsin, and the results are expressed as units of tryptic 
activity. The standard error of the determination done in duplicate is +50 units. We have 
arbitrarily established 100 units as the maximum normal value. 


RESULTS 

A total of 58 patients were studied. Thirty-five were clinically free of 
pancreatic disease and were used as normals. Sixteen patients had pan- 
creatitis, and 7 had carcinoma of the pancreas. 

Of the 35 normal individuals, 8 were healthy young volunteers and 27 
were hospital patients. The diagnoses and results are summarized in Table 
I. The average for the group was 31 units. 

Sixteen patients with pancreatitis were studied (Table Il). The diag- 
nosis was proved cither by laparotomy or was clinically indisputable. The 
average value for the group was 433 units. One patient (subject 16) with 
pancreatic calcinosis, insufficiency, and diabetes had no detectable amylase 
or trypsin. 


*Tryptar, The Armour Laboratories, Kankakee, Ill. 
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TABLE I. SeruM TRYPSIN CONTROLS 
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| DIAGNOSIS 


UNITS 


Laboratory personnel 
Thyrotoxicosis 

Carcinoma of tongue 
Diverticulitis 

Carcinoma of cecum 
Postnephrectomy 

Weak spells and abdominal pain 
Hernia 

Perforated gastric ulcer 
Anorexia nervosa 

Congestive failure 

Postsigmoid resection 
Carcinoma of reetum 

Acute cholecystitis 
Cholelithiasis 

Dudodenal ulcer 

Gallstone ileus 

Cystic duct stum 

Peripheral disease 
Abdominal pain—negative exploration 
Superior mesenteric thrombosis 
Postoperative hernia 
Postoperative appendicitis 
Chronic cholecystitis 

Thorazine jaundice 

Duodenal ulcer 


each less than 100 


Average 


zara 


TABLE II. Serum TRYPSIN 
PANCREATITIS 


| AMYLASE (N — <20) |TRYPSIN (N = 


17 670 

52 600 
176 600 
1,200 580 
17 550 
136 510 
50 500 
432 500 
94 500 
128 450 
200 360 
350 

8 340 

27 240 
22 170 

0 0 
Average 433 


TABLE IIT. Serum TRYPSIN 
CARCINOMA OF PANCREAS 


|AMYLASE (N 


= < 100)| Lipase (N 


0.6 


Pancreatic insufficiency 
with calcification 


<20) |TRYPSIN (N <100) | Lipase (N = <1.0) 
4 480 0.9 
120 475 4.0 
20 470 
300 
1 280 0.2 
170 


Average 


9 
10 
12 
| 13 
14 
15 
16 
17 
18 
19 
20 q 
21 
22-23 
24-25 
26 
27 
4 28 50 
290 50 4 
30 100 
31 120 
33 260 
34 
35 100 
= 
2.3 
0.6 
4.5 
9 
1 10 8.0 
11 
12 
ad 13 0 
14 
15 0 
NO. —— 
iq 2 
3 
4 
5 
6 
7 
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Seven patients with carcinoma of the pancreas proved by biopsy had 
an average value of 394 units (Table LI1). When available, the single high- 
est amylase and lipase values are included in the table for purposes of com- 
parison. 
SUMMARY 


Our findings suggest that in the presence of pancreatic disease there is a 
significant elevation of serum trypsin. This elevation is believed to result from 
an obstructive process in the pancreas combined with an actively secreting 
gland. In this series the serum trypsin determination proved a more sensitive 
and reliable index of pancreatic disease than either the serum amylase or 
lipase, 
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A STUDY OF CATIONIC DETERGENT FRACTIONATION OF SERUM 
PROTEINS IN LYMPHOMA AND LEUKEMIA 


Rosert M. Greenpyke, M.D.,* anp F. Jacox, M.D.** 
Rocuester, N. Y. 


N EXTENSIVE literature has accumulated in recent years regarding the 

use of serum protein fractionation procedures in the study of disease. 
Most of this work has dealt with the findings obtained using the Tiselius moving 
boundary electrophoresis method or, more recently, paper electrophoresis. 
For the past 5 years we have utilized in our laboratories a detergent fractionation 
method for serum proteins that was deseribed previously." This has been 
employed as a routine part of the laboratory examination of patients admitted 
to the Medical Service of the Strong Memorial Hospital. The purpose of this 
communication is to report our findings in a group of patients with malignant 
lymphoma or leukemia in whom such serum protein fractionations were carried 
out. 


MATERIALS AND METHODS 


A total of 238 detergent fractionations were done on the sera of 125 patients with 
malignant lymphoma or leukemia. In this group, there were 36 cases of Hodgkin’s disease, 
31 cases of lymphosarcoma or reticulum cell sarcoma, 18 cases of myelocytic leukemia, 12 
eases of myelomonocytic leukemia, and 28 cases of lymphocytic leukemia. In each instance 
the diagnosis had been established by biopsy and/or examination of peripheral blood and 
bone marrow. Serial determinations were done on seattered patients in the group, and con- 
comitant starch electrophoresis of serum was carried out in selected instances. These determi- 


nations were done in random fashion, with no attempt being made to select patients in 
particular phases of disease. 

Briefly, the cationic detergent fractionation technique is based on the principle that 
diluted serum mixed with suitable buffers with added sodium chloride produces a quantitative 
precipitation of the various components of the serum when a eationie detergent (Octab) is 
added. Three distinct increments of turbidity ean be demonstrated as the pH is increased 
from 6.0 to 12.0. These correspond to the alpha globulins, beta-gamma globulins, and albumin 
present in the serum. Photometric measurement of the turbidity in each buffer system is 
made for each fraction. A standard curve of the alpha globulins, total globulins, and total 
protein concentration is then constructed. By interpolation, the concentration of these 3 
components can be determined in an unknown sample. The amount of albumin and beta- 
gamma globulin is determined by arithmetic calculation of the difference between total 
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globulin and total protein and the difference between alpha globulin and total globulin. The 
cationic detergent fractionation procedure correlates closely with analysis of serum by 
Tiselius electrophoresis.3 


The clinical records of the patients studied were reviewed, and in each instance an 
independent assessment was made of the degree of clinical activity of disease at the time 
that serum protein fractionation was carried out. The cases were divided into two groups, 
one of ‘‘active’’ and the other of ‘‘inaetive’’ disease, on the basis of the clinical records. 
The patients grouped as ‘‘inactive’’ showed no or minimal objective or subjective evidence 
of disease, were free of signs or symptoms of hypermetabolism, were adequately nourished, 
and were leading essentially normal lives. Most of this group were patients in whom latent 
disease had been discovered by biopsy of enlarged lymph nodes or on routine examination 
of blood smears, while a few others represented cases of spontaneous or therapeutically 
induced remission in previously active disease. The group of patients classified as ‘‘active’’ 
showed unmistakable clinical signs of disease. No attempt was made to delineate subgroups 
within this category on the basis of severity or degree of advancement of the condition. A 
few patients were studied in whom determinations were made during both inactive and active 
phases of their illness. 


Correlation of the state of clinical disease with the results of the serum protein frac- 
tionation was then carried out. Four of the 238 values were disearded because of intercurrent 
infection (bronchopneumonia) which has been shown to be associated with abnormalities of 
serum proteins. Two patients subsequently found to have lymphoma with tuberculous infee- 
tion were excluded from the study. Insofar as could be ascertained, lymphoma or leukemia 
was the only significant disease from which the patients suffered or which might alter the 
serum proteins at the time the fractionations were done. 


OBSERVATIONS 


A grouping of the data on the basis of morphologic type of disease 
(lymphosarcoma, chronic myelocytie leukemia, ete.) was made. These data 
were then classified according to the clinical impression of disease activity. It 
became apparent that the common denominator with respect to abnormalities in 
the serum proteins was degree of clinical activity and not morphologic disease 
type. Our data are represented in Table I. All 5 categories of disease (Hodg- 
kin’s disease, lymphosarcoma, myelocytic leukemia, myelomonocytie leukemia, 
and lymphocytic leukemia) were found to exhibit similar alterations in serum 
proteins if the stage of clinical severity was comparable. In some entities, 
such as clinically inactive chronic lymphocytic leukemia, most of the determina- 
tions varied but little from normal. This group was composed of elderly 
patients in whom the disease was relatively benign. In other conditions, such 
as myelomonocytic leukemia, the protein fractionation usualiy displayed marked 
abnormality. Patients in this group were usually severely ill, and latent 
clinical states were uncommon. In those instances, however, in which chronic 
lymphocytic leukemia was clinically progressive and symptomatic, abnormal pro- 
tein fractionations were the rule. Similarly, in those instances in which myelo- 
monocytic leukemia was inactive, normal values were obtained. The classifica- 
tion of the cases as ‘‘inactive’’ and ‘‘active’’ was occasionally difficult, but in 
only a few instances were patients found to have borderline activity of their 
disease. These borderline patients often exhibited borderline abnormalities 
of the alpha globulin concentration. 
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The data shown in Table I indicate that no consistent alteration in total 
protein was found except in those patients with advanced disease associated 


TABLE I, AVERAGE VALUES OBTAINED FOR SERUM PROTEIN FRACTIONATIONS IN PATIENTS WITH 
LEUKEMIA OR LYMPHOMA 


TOTAL | | ALPHA 

NUMBER | PROTEIN | ALBUMIN | GLOBULIN 

CLINICAL NUMBER DETERMINA- | (GM./100 | (@M./100 (am./100 
DISEASE | STATE PATIENTS | TIONS ML.) ML.) ML.) 
Hodgkin ’s Active 26 60 6.20 3.07 2.12 
disease Inactive 10 18 6.49 3.89 1.27 


Lymphosar Active 41 6.54 3.65 1.83 
coma Inactive 17 6.45 1.20 


Myelocytic Active 12 6.71 3.6! 1.84 
leukemia Inactive 16 6.55 3.85 1.11 
Myelomono Active 14 6.81 3.3% 1.76 


eytie leu- Inactive 2 6.60 95 1.09 
kemia 


Lymphoeytie Active 


leukemia Inactive 20 


octive diseose inactive disease active diseose 


ee ° 


eee 


@ Hodgkins disease @Myelocytic Leukemia 

© Lymphosarcoma OLymphocytic Leukemi 

O mean value aMyelomonocytic Leukemia 
ameon value 


Serum Alpha Globulin Values Serum Alpha Globulin Values 
in Patients with Lymphomo in Potients with Leukemia 


Aiphoa Globulin Concentrations in Gm./i00 Mi. 


Fig. 1.—Representation of the alpha globulin values determined by cationic detergent 
fractionation in leukemia and lymphoma as shown by the corresponding symbols, Normal 
values of alpha globulin by this method range between 0.7 and 1.0 Gm./100 ml. 
with severe cachexia. In these patients some decrease of total protein was 
present. The mean concentration of albumin was decreased in active disease 
and tended to parallel the degree of general body wasting. 
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The most significant and striking alterations were noted in the alpha 
globulin fraction. A marked elevation was found in ‘‘active’’ disease whereas 
essentially normal or minimally elevated values were found in patients with 
‘*inactive’’ disease. This is clearly shown in Fig. 1 which illustrates in com- 
posite fashion the grouping and range of values obtained for alpha globulin 
in the various conditions under study. 


It will be noted that in the ‘‘active’’ disease states, few values for alpha 
globulin less than 1.4 Gm./100 ml. were obtained, and that practically all of the 
values in ‘‘inactive’’ disease fell below the 1.4 Gm./100 ml. line. The only sig- 
nificant exception to this generalization was noted in terminal patients. In 
these patients, previously elevated values were frequently observed to fall to 
borderline or only slightly elevated levels. 


The results of serial studies are of particular interest in those patients who 
showed progression of clinical disease from an inactive to an active state. 
This is illustrated by the ease of L. W. (Table II). 


Taste II. Vatues ror Serta, Serum PROTEIN FRACTIONATIONS OBTAINED IN A CASE OF 
LYMPHOSARCOMA (SEE Text, CASE 1) 


TOTAL | ALPHA 
PROTEIN ALBUMIN GLOBULIN 
DATE (GM./100 ML.) (a@m./100 ML.) | (GM./100 ML.) COMMENT 


12- 2-53 6.9 3.65 1.0 Inactive disease 

4-26-55 6.9 3.65 1.9 Asymptomatic, gradually in- 
creasing lymphadenopathy 

12-12-56 7.3 Active, symptomatic 
disease 

7-24-57 6.3 2.75 Recurrent active disease 
following remission 


Case 1.—The patient was a 47-year-old white woman first seen on Oct. 28, 1952, 
with a 2 months’ history of mild asymptomatic lymphadenopathy. A biopsy of a supra- 
clavicular node at this time showed only hyperplasia. A biopsy of an epitrochlear node 
in December, 1952, 1 month later, revealed a more atypical but nondiagnostic hyperplasia. 
The patient remained asymptomatic with persistent lymphadenopathy over the ensuing 
year. Protein fractionation on Dee, 2, 1953, showed total protein 6.9 Gm./100 ml., albumin 
3.65 Gm./100 ml., and alpha globulin 1.0 Gm./100 ml. The patient was seen at intervals 
during the next year and continued to remain asymptomatic. Early in 1955, gradual 
enlargement of the right axillary nodes was noted, together with the development of a 
small mass in the right breast. The breast lesion was biopsied in April, 1955, revealing 
lymphoid infiltration suggestive of lymphoma. Protein fractionation on April 26, 1955, 
showed total protein 6.9 Gm./100 ml., albumin 3.65 Gm./100 ml., and alpha globulin 1.9 
Gm./100 ml. The patient then developed a palatal mass with a loss of hearing in the 
left ear. X-ray therapy was directed at the palatal area during the next two months with 
reduction of the tumor mass. Between September and October, 1955, marked generalized 
lymphadenopathy developed. The patient now displayed systemic symptoms of active 
disease for the first time. A biopsy of a right epitrochlear node in October, 1955, revealed 
a lymphoblastic lymphosarcoma. Two courses of local x-radiation were administered over 
the next 6 months with decrease in size of the lesions. By December, 1956, adenopathy 
recurred, and the patient was hospitalized for symptoms of dyspnea and cough. Examina- 
tion revealed a left hydrothorax and mediastinal lymphadenopathy. The protein fraction- 
ation on Dee. 12, 1956, showed total protein 7.3 Gm./100 ml., albumin 3.4 Gm./100 ml., and 


74 GREENDYKE AND JACOX J. Lab. & = 
alpha globulin 2.4 Gm./100 ml. The patient was again treated with x-ray, and a good 
clinical response was obtained. In July, 1957, massive lymphadenopathy with associated 
symptoms recurred. The protein fractionation on July 24, 1957, showed total protein 6.3 
Gm./100 ml., albumin 2.75 Gm./100 ml., and alpha globulin 1.95 Gm. per 100 ml. 

During the period of observation in this patient, the total protein and 
albumin values remained essentially the same while the alpha globulins rose from 
normal to more than twice the original figure. It is noteworthy that the rise 
in alpha globulins preceded by 5 months the development of frankly progressive 
clinieal disease. 


On several other occasions in our experience, elevated alpha globulin con- 
centrations have anticipated the development or reactivation of florid clinical 
disease. An example of this is seen in our study of a 30-year-old man. A 
diagnosis of lymphosarcoma was reliably established by biopsy in 1945. In 
1952, the patient was treated with x-ray for enlarged abdominal nodes which 
had caused biliary obstruction. A complete remission resulted. The alpha 
globulin concentrations were found to be elevated in September, 1953, and 
June, 1954, to 1.65 Gm./100 ml. and 1.7 Gm./100 ml., respectively, during 
the period (1953-1955) when the patient was completely asymptomatic. He 
was accepted for military service early in 1954. In February, 1955, his disease 
became clinically active. He expired 9 months later with widespread 
lymphosarcoma. 


In contrast to these cases, we may cite our experience with 8 other cases of 
lymphoma with no clineal evidence of active disease. All of these patients have 
had normal alpha globulin concentrations for more than 3 years. 


Several instances have been observed in which a fall of alpha globulin 
concentration from previously elevated values occurred concomitantly with 
therapeutically induced remission of the disease. This is shown in the case 
of C. C. (Table IIT). 


TABLE III. VALVES ror SerRtAL SeruM PROTEIN FRACTIONATIONS OBTAINED IN A CASE OF 
HopeKIn’s Disease (See Text, Case 2 


TOTAL | ALPHA | 
PROTEIN ALBUMIN GLOBULIN 
(@M./100 ML.) (oM./100 ML.) | (GM./100 ML.) | COMMENT 


11-17-53 2.75 Therapeutically induced 
remission 

1-21-54 3.3 Reactivation of disease 

3-22-54 . 2.0 a Severely ill 

3 29-54 . 2.7 . Therapeutically induced 
remission 

4-12-54 x 3.65 ‘ Further improvement 

7-26-54 2.3 1.6 Relapse with rapid 

deterioration 


DATE 


12- 
26- 

Case 2.—The patient was a 59-year-old white man first seen in November, 1953. A 
diagnosis of Hodgkin’s disease had been made 3 years previously by means of a cervical 
lymph node biopsy. He had been intermittently treated with x-ray. One month prior to 
admission he had received triethylene melamine for a reactivation of disease and obtained 
a good response. A protein fractionation on Nov. 17, 1953, showed total protein 5.9 Gm./100 
ml., albumin 2.75 Gm./100 ml., and alpha globulin 1.0 Gm./100 ml. During the ensuing 2 
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months the patient became increasingly symptomatic. On Jan. 21, 1954, his serum showed 
total protein 5.7 Gm./100 ml., albumin 3.3 Gm./100 ml., and alpha globulin 1.6 Gm./100 ml. 
He received x-ray therapy with transient improvement. He then had a relapse and was 
admitted to the hospital in March, 1954. On March 22, 1954, serum analysis showed total 
protein 5.3 Gm./100 ml, albumin 2.0 Gm./100 ml., and alpha globulin 2.6 Gm./100 ml. 
He was given nitrogen mustard during the next week with relief of symptoms. On March 29, 
1954, he showed total protein 5.3 Gm./100 ml., albumin 2.7 Gm./100 ml., and alpha globulin 
1.5 Gm./100 ml. Further clinical improvement occurred over the ensuing 2 months. On 
April 12, 1954, his fractionation showed total protein 6.0 Gm./100 ml., albumin 3.65 Gm./100 
ml., and alpha globulin 1.2 Gm./100 ml. In the ensuing month the patient began to fail rapidly. 


On July 26, 1954, his serum fractionation showed total protein 4.7 Gm./100 ml., albumin 
2.3 Gm./100 ml, and alpha globulin 1.6 Gm./100 ml. The patient died 2 weeks later. 


It is to be noted that the alpha globulin concentration fell significantly as the patient’s 
clinieal condition improved and mirrored the patient’s condition accurately as reactivation 
occurred. 
DISCUSSION 
In general, our observations are in agreement with those previously reported 
by others. In 1947, Nitshe and Cohen® deseribed their findings in a group of 26 
patients with Hodgkin’s disease, 15 with myelocytic leukemia, and 12 with 
lymphocytic leukemia, studied with fractionation of serum albumin and globu- 
lin using a methyl aleohol precipitation technique. They found no significant 
alteration from normal in the total protein but observed generally decreased 
albumin and inereased globulin fractions in eases of Hodgkin’s disease and 
myelocytic leukemia. These authors noted that abnormalities in the fractiona- 
tion were more pronounced as disease advanced and that some change toward 
normal oceurred after radiation therapy. 

Rottino and eco-workers,® in 1948, reported electrophoretic studies on the 
sera of 27 patients with Hodgkin's disease. These workers concluded that the 
patterns obtained were nonspecific for the disease. Three general patterns 
were seen: type A (11 patients) with an essentially normal electrophoretic 
pattern, from patients in good nutrition and asymptomatic ; type B (9 patients) 
characterized by decreased albumin and increased alpha globulin concentrations, 
seen in patients who had terminal disease with symptoms of hypermetabolism; 
and type C (7 patients) characterized by inereased gamma globulin coneentra- 
tions from patients exhibiting an intermediate clinical picture. 

Mider and eco-workers,® in 1950, reported their results in an electrophoretic 
study of the serum protein of 222 cancer patients, including 36 with lymphoma 
or leukemia. They found that the albumin concentration decreased progressively 
as the disease advanced, with a significant decrease of this fraction found early 
in the disease. The total globulin concentration was increased with the alpha 
globulin inereased proportionately. The beta and gamma fractions were less 
elevated while the fibrinogen concentration increased disproportionately. In 
late cancer, the globulins were significantly increased as the malignancy 
progressed. No differences in this general pattern were found on comparing 
values from cases of lymphoma with those from cases of carcinoma of the 
breast, colon, or stomach. 
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Brown and associates,? Peterman and associates,’ Tischendorf and Hart- 
mann,'' Arends and co-workers,’ Rundles and associates,’ Jencks and associates,* 
and Sunderman and Sunderman’® have reported similar findings in electro- 
phoretie studies of the sera of patients with lymphoma and/or leukemia. 

It is evident from our work and that of other investigators that several 
points can be made: (1) There is no serum protein pattern characteristic of 
any of the malignant lymphomas or leukemias. (2) The specific alterations 
consist of a decrease in the albumin concentration and inerease in the alpha 
globulin concentration, with less consistent variations observed in the other 
fractions. (3) The degree of abnormality in these protein fractions bears a 
relationship to the severity of the clinical disease. 

Our observations indicate that the determination of the alpha globulin 
fraction of the serum is the most useful indicator of the progression of disease. 
It should be emphasized that the elinieal activity of the disease process is 
more important than the pathologie entity. Our data further suggest that the 
determination of the alpha globulin concentration of serum may serve to predict 
the immediate future clinical course of the patient. A rise in concentration of 
this fraction appears to anticipate clinical exacerbation of disease. An elevated 
alpha globulin value in a patient with known but inactive or remittent leukemia 
or lymphoma has usually been an ominous prognostie sign. On the other hand, 
a succession of relatively normal values of alpha globulin has indicated latent 
disease. A sustained lowering of the alpha globulin values following 
therapeutically induced or spontaneous remission in these conditions has been 
a favorable indicator of the patient’s immediate future course. 

The use of the eationie detergent fractionation technique has several 
advantages over other methods of protein analysis. As noted previously,* 
the procedure yields values closely comparable to those obtained using the 
Tiselius electrophoresis technique, although the same detailed separation of the 
serum proteins is not possible. The detergent fractionation technique is a 
simple, rapid and inexpensive analytie procedure. It is superior to conventional 
sodium sulfate fractionation. Jencks and his co-workers* have emphasized 
that the usual salt precipitation technique for separating albumin from globulin 
is unsatisfactory since most of the alpha globulin ean be shown to reside in the 
albumin fraction. Hence, a fall in serum albumin associated with a rise in alpha 
globulin may not be detected by sodium sulfate fractionation. In view of the 
demonstrated importance of these two components in our evaluation of this 
group of diseases, this point assumes increased significance. 


SUMMARY 


1. Two hundred thirty-four detergent protein fractionation studies on the 
sera of 125 patients with malignant lymphoma or leukemia are presented and 
correlated with the clinical aetivity of the patient’s disease. 


2. The alpha globulin fraction was found to reflect accurately the patient’s 
clinieal condition. This fraction was inereased during the acute disease and 
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normal or only slightly elevated in inactive disease. In several instances, an 
elevation of alpha globulin anticipated the onset of active disease. 
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CHLORIDE, POTASSIUM, AND ALDOSTERONE EXCRETION IN A 
SODIUM-RETAINING PATIENT (HEPATIC CIRRHOSIS) 
DURING FORCED NATRIURESIS 


LAURENCE G. Wesson, Jr., M.D., ABRanAM SUNSHINE, M.D., AND 
JEANNE A. Epstern, M.D. 
New York, N. Y. 


URING the early stages, at least, of an acutely-induced rise in electrolyte 

excretion in sodium-retaining patients, the principal eation is frequently 
observed to be potassium. As examples which by no means exhaust the literature, 
tichna and associates’ noted that potassium rather than sodium exeretion in- 
creased following administration of Digoxin to a patient with congestive heart 
failure. Meteoff, Gordillo, and Antonowiez? deseribed a predominant increase 
in potassium exeretion in 4 nephrotie children following infusion of either 
Diamox or sodium para-aminohippurate. The anion (chloride, bicarbonate, or 
aminohippurate) was different in each of the 3 cireumstaneces noted. Since 
sodium-retaining states such as congestive failure and nephrosis are generally 
associated with markedly increased urinary excretion rates of the adrenal salt- 
active steroid, aldosterone,** and since primary aldosteronism is characterized, 
among other things, by potassium depletion,® it seemed reasonable to attribute 
the acute kaliuresis in the experiments noted above to the effects of an elevated 
rate of aldosterone secretion. According to this hypothesis the rate of potassium 
excretion by a given kidney (assuming a constant state of body electrolytes) 
depends upon the simultaneous magnitudes of aldosterone production and of 
sodium delivery to the tubular site of potassium-sodium exchange. 

The present study was, therefore, undertaken (1) to extend to salt-retain- 
ing cirrhotic patients the type of experiment described for congestive failure and 
nephrotie patients, particularly sinee ecirrhotics have also been reported to 
exhibit high urinary aldosterone excretion rates’; (2) to extend the period of 
observation of the enhanced rate of urinary electrolyte exeretion; and (3) to 
determine whether the potassium losses predicted by the hypothesis would 
detectably affect either aldosterone excretion or any of the secondary evidences 
of increased aldosterone activity. This last observation was suggested by reports 
of an influence on aldosterone exeretion of changes in body potassium balanee.® 7 


MATERIALS AND METHODS 


A 59-year-old patient with ascites secondary to Laenneec’s cirrhosis was selected for 


study. He responded poorly to diuretics and salt-restriction so that occasional paracenteses 
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were necessary to relieve the continuously forming ascites. He had no evidence of renal 
disease. After 10 days of equilibration in a metabolism ward on a diet containing approxi- 
mately 30 mM. of sodium and 60 mM. of potassium per 24 hours, an infusion of sodium 
sulfate (100 mM./L.) was started at 0.7 ml. per minute. An additional 100 ml. of the same 
solution was given during the first hour as a priming dose. The infusion was continued by 
a pump at 0.7 ml. per minute, without interruption for 3 days. With a comparatively small 
increase in plasma sulfate concentration, most of the inerease in filtered sulfate is excreted 
in the urine, obligating correspondingly increased amounts of eation, mostly sodium and 
potassium, in the urine. Although some sulfate with isosmotie equivalent volumes of water 
are stored in the process of elevating the blood sulfate concentration, the amounts so stored 
and any resulting depressant effect of this fluid volume expansion on aldosterone excretion 
must be relatively small. Venous blood samples and urine and feces were collected on the 
3 days preceding, during, and on the 3 days following the infusion. 

Sodium and potassium were measured in plasma, urine, and feces by internal standard 
flame photometry; chloride was measured in plasma and urine by the iodometric method of 
Van Slyke and Hiller. Urinary steroid salt-retentive activity was measured in terms of 
equivalent desoxycorticosterone activity by a rat bio-assay technique modified from that of 
Johnson. The method may be described briefly as follows. Rats, adrenalectomized at least 
one week prior to the assay, were tested for evidence of adrenal insufficiency by weight loss 
on saline deprivation. No animal losing less than 5 Gm. on 18 hours of salt deprivation was 
used in the assay. The day preceding a test, water was exchanged for saline to ensure some 
degree of sodium depletion. The day of the test 5 ml. of 0.9 per cent saline was injected 
intraperitoneally. One hour later, a urine sample representing the control excretion value 
for that animal was collected and 0.1 ml. absolute alcohol was injected subcutaneously, 
either as a blank or containing desoxycorticosterone standards or urine extract prepared by 
the method of Singer and Venning.1° After another hour, a second urine sample (test) 
was obtained and the potassium-sodium (K-Na) ratios on each urine sample were measured. 
The test and control K-Na ratios of each group of 6 to 10 rats receiving a given injection 
were averaged, and the difference between the mean test and control ratios, divided by the 
control, was the response of the group. By inspection it was determined that the response 
plotted against the 24 power of the desoxycorticosterone dose was approximately linear 
between 0 and 60 wg per rat with a small positive intercept due to the blank. Dosage was 


adjusted on a 300 gram rat basis. We do not consider the assay results by this method 


accurate to better than a factor of 2.0. 


RESULTS AND DISCUSSION 
The results are illustrated in Fig. 1. In this ascitie cirrhotic patient, po- 
tassium appeared abruptly in large amounts at the start of the sodium sulfate 
infusion (fourth day). The 3 excretion rate figures on this and the seventh day 
when the infusion was stopped represent the mean rates per minute during the 
first 4, second 4, and final 16 hours of these days. Sodium exeretion did not 
increase until several hours following the onset of the kaliuresis. The distinet 
negative potassium balance during the 3 day test attained a cumulative total of 
approximately 200 mM. and was associated with a decrease in plasma potassium 
of about 1.0 mM./L. In retrospect, the experiment is obviously too short to 
estimate how long potassium losses would have continued. Chloride exeretion 
decreased from control values of 1 to 3 mM. per 24 hours to virtually 0 (less 
than 0.5) at the end of and during the 3 days following the infusion. The sig- 
nifieance of the deerease in chloride excretion cannot be interpreted in any 
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simple fashion. Heavy sulfate loading may be accompanied by large increases 
in chloride excretion." Schwartz, Smith, and Winkler’? observed a decrease 
in chloride excretion during moderate sulfate loading in dogs even though 
plasma chloride concentration was increasing. Filtration rate, however, tended 
to decrease so that the actual tubular loading terms, particularly for chloride, 
are ambiguous. 


PRE INFUSION INFUSE_ S04 0.07 ml/min —+| POST INFUSION 
FECAL K/no RATIOS: mM/24 hrs. 


it 


i. 


PLASMA CONCN. mM¥/L URINE STEROID ACTIVITY 


Fig. 1.—Effects of sodium sulfate infusion on sodium and potassium excretion, plasma 
sodium and potassium concentrations, urinary salt-active steroid excretion, and fecal potassium- 
sodium ratios in a patient with cirrhosis and ascites. The tripartite bar graphs of sodium and 
potassium excretion on the fourth and seventh days represent mean excretion rates during the 
first 4, second 4, and final 16 hours, respectively. 

No evidence of a gross decrease in aldosterone excretion occurred either in 
the presence of relatively large amounts of sodium (0.07 mM. per minute) in 
the urine or as a result of a marked negative potassium balance and hypokalemia. 
This conclusion is, of course, qualified by the wide margin of error of the method 
of assay. Supporting the direct evidence of sustained high aldosterone activity 
are the extremely low urine chloride exeretion and the high stool K-Na 
ratios. Our experiment leads to conelusions different from those of Laragh 
and Stoerk’® with respect to the effect of moderate potassium depletion 
upon aldosterone excretion in the presence of sodium retention. These investi- 
gators reported a tenfold decrease in aldosterone excretion following potassium 
loss resulting from mereurial diuresis. Their low figure appears to be the report 
of a single day’s analysis, and as such is consistent, at least in part, either with 
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what we interpret to be random variation in the method (an anomalously high 
value was observed on another day of their study) or with acute effects of 
Mercuhydrin-induced alterations in renal function. The evidence of our ex- 
periment accords with the views of Bartter® and others that the salt-retaining 
state (ascites formation in this patient) constitutes the prepotent stimulus to 
aldosterone secretion in man, with the result that continuation of aldosterone 
production in the presence of an ample supply of sodium as the substrate for 
eation exchange in the renal tubules results in large potassium losses. 


SUMMARY 


Sodium sulfate was infused at 0.07 mM. per minute for 3 days in a 
patient who was retaining sodium chloride and forming ascitie fluid secondary 
to Laennee’s cirrhosis. The following results were noted. 


1, Urinary sodium excretion increased probably because of increased sulfate 
excretion. 


2. Potassium excretion inereased markedly, accompanied by a negative 
potassium balance and decreased serum potassium concentration, 
3. Urinary chloride excretion decreased. 


4. Fecal potassium-sodium ratios decreased by about one-half, which is not 
considered significant. 


5. Urinary aldosterone excretion did not deerease significantly. 
The data are interpreted as supporting the view that aldosterone excretion 
responds to some complex physiologic state of the body and, to a lesser degree, 


to either urinary sodium content, plasma potassium concentration, or body po- 
tassium content. 


We gratefully acknowledge our indebtedness to Dr. Nicholas Mazarella, Dr. Guillermo 
Morales, Miss Cornelia Culpeper, and Mr. Leonard Beier for their assistance with this study. 
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THE ANEMIA ASSOCIATED WITH RENAL DISEASE 


Micuak. Kaye, M.B., B.S., F.R.C.P.(C.) 
MonTREAL, CANADA 


tHe TECHNICAL ASSISTANCE oF J. ARpETH HILL AND HisakKo WATANABE 


HE association of anemia with disease of the kidneys has been noted from 

the time of Bright’s original observations. The anemia has been charae- 
terized as normocytic and normochromie and to be refractory to the usual 
methods of treatment. More recently further investigation has been possible 
with the use of isotopic labeling procedures.** This paper reports our findings 
using these methods in a group of patients with both acute and chronie renal 
disease of differing etiology. 


MATERIALS AND METHODS 


The subjects used in this study were all carefully selected from a much larger group 
of patients with renal disease, who were under observation in this department. They were 
all men. None had received hematinics or other active treatment prior to study. The 
eriteria for inclusion were the presence of anemia for which no other cause was found, 
or the presence of markedly impaired renal function. Those with a hemoglobin of 12 
grams per cent or less are included in Group 3. Those with a hemoglobin greater than 12 
grams per cent are in Group 2. Additional patients not included elsewhere in this study 
were used to relate blood urea nitrogen and hemoglobin. Both these values were stable at 
the time of selection. Detailed renal function tests were done on all but have not been 
included as the blood urea nitrogen and serum creatinine serve as an adequate guide to 
the level of renal insufficiency. In the patients with pyelonephritis, there were none of 
the usual clinical or laboratory features associated with an active infectious process. 


Fever, pyuria, and leukocytosis were all absent and urine cuitures were frequently sterile. 


Biopsy or autopsy evidence in many indicated a very slowly progressive chronic process, 
and until such time as renal failure became severe, general health was well maintained. 
It was believed on these grounds that the “anemia of infection” could probably be ex- 
cluded. In every instance the patients have personally been followed carefully for a 
minimum of 3 months, but in many cases for 1 to 2 years. No other cause for anemia has 
appeared. In the 15 patients in Group 3 with hemoglobins below 12 grams per cent, 6 
have been autopsied and, of the remainder, 5 have had percutaneous renal biopsy to con- 
firm their diagnoses, at some time during observation. Stools for occult blood were per- 
formed repeatedly in every instance and were invariably negative. 

The control group of 10 men consisted of 5 healthy doctors on the intern staff of the 
hospital and 5 patients who were selected because of the absence of any disorder which 
would affect the hemopoietic system. The data from each group of 5 have been pooled 
as they were essentially similar. 

Hemoglobin was measured colorimetrically as cyanmethemoglobin.8 Wintrobe tubes 
were used for hematocrit determinations. They were centrifuged for 55 minutes at 3,000 
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r.p.m. in a centrifuge with a radius of 15 em, from tube tip to spindle. The values ob- 
tained were corrected for trapped plasma according to the determined values given by 
Chaplin and Mollison.® Reticulocyte counts were made by counting 1,000 red cells. Aspira- 
tion bone marrows were obtained from the sternum. Three hundred cells were counted. 
Fecal urobilinogen was determined on .a minimum of two 4-day pools.1o The beginning and 
end of the 8 days were noted using a carmine marker. 


All collections were carried out on 
a metabolic unit.* 


Serum iron was measured using the method as described by Powell! 
and iron binding capacity by the method of Rath and Finch.12 Samples were collected 
using specially cleaned tubes and needles without the use of a syringe.t 

Fe5® as ferrous citrate was obtained from Abbott Laboratories and was of high specific 
activity in the order of 1.5 we per microgram, 


Ten to fifteen microcuries was given to each 
patient. 


The weight of iron varied from 6 to 14 wg, the majority being 10 wg. The studies 
using radioiron were all started between 8:30 and 9:00 A.M. with the subjects in the postab- 
sorptive state with free access to water. At least 20 ml. of the subjects’ plasma was incubated 
with the radioiron for 30 minutes at room temperature with frequent mixing. At the end 
of this time approximately 5 ml. of Evans blue 0.5 per cent solution was injected intra- 
venously followed by the plasma containing bound radioiron after removal of 1 ml, for 
dilution in 500 ml. saline as a standard. The amounts contained in the 3 syringes were 
determined gravimetrically on an accurate torsion balance. Syringes were weighed full 
and then after delivery. The same needle attached to a stopcock was used to inject both 
Evans blue and plasma. This was washed clear finally with 10 ¢.c. of saline. Samples 
were removed at intervals of 10, 20, 30, 40, 60, 90, 180, 240, and 360 minutes following in- 
jection from the opposite arm. All blood samples were heparinized. During the first two 
and one half hours the subjects were reclining in the laboratory. Subsequently they were 
allowed to return to the ward. The following day and daily thereafter blood samples 
were taken until the amount of radioiron appearing in the circulating erythrocytes had 
reached a plateau. In several instances counting extended as long as 3 to 4 weeks with 
less frequent sampling during the latter part of this time. The standard was counted 
simultaneously with the unknowns. To measure the rate of disappearance of injected radio- 
iron, 3 ml. samples of plasma were counted in duplicate in a well-type scintillation counter 
with a thallium activated sodium iodide crystal. Net counts per minute were then plotted 
semilogarithmically against time. The amount of radioactivity appearing in the blood 
after the day of injection was determined by counting 3 ml. samples of whole blood in 
the same way. Plasma activity was always checked separately; however, by 24 hours after 
injection it was almost negligible and by 48 hours was zero. The total circulating activity 
of the red cell mass was determined by calculating the activity in 1 ml. of red blood cells 
after correction for trapped plasma and then multiplying by the red cell volume. A 
minimum of 10,000 counts were recorded on all radioactive samples reported. 

To determine plasma volume the dilution of injected Evans blue was determined on 
samples obtained at 10, 20, and 30 minutes. Three milliliter plasma samples were diluted 
with 3 ml. 0.9 per cent sodium chloride and the optical density read at 620 my in a Beck- 
man Model B spectrophotometer. A standard curve was made by diluting the dye in 
normal plasma. The same batch of dye was used throughhout. A plasma blank obtained 
immediately prior to injection was used to set the instrument to 100 per cent transmission. 
Dye concentrations obtained were plotted against time on semilog paper. A straight line 
was invariably obtained. This was extrapolated back to zero time and this concentration 
was used for calculation of plasma volume. For correction of the discrepancy between 
peripheral and whole body hematocrit the factor of 0.91 was employed.15 
pg dye injected 


Plasma volume (P.V.) = dye cone. at zero time in pg/ml. : 


*Clinical Investigation Unit, Queen Mary Veterans’ Hospital, Montreal. 


+These determinations were kindly done by the Department of Hematology, Royal Victoria 
Hospital, Montreal. 


tManufactured by Electronic Associates, Willowdale, Ontario. 
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For calculation of the plasma iron turnover rate and other indices of iron metabolism, 
the formulas derived by Huff and co-workers were used.'4 

In the determination of red cell survival, 40 ml. of blood was mixed with 5 ml. of 
A.C.D. solution containing 150 we of radiochromium as sodium chromate and incubated at 
room temperature for 30 minutes, with periodic gentle mixing. Following incubation the 
cells were washed twice in sterile isotonic saline, made up to volume with saline solution 
and reinjected. After 48 hours a sample was removed and counted in the same manner as 
the Fe5® samples. The activity in 1 ml. of red cells in this specimen represented 100 per 
cent activity. Subsequently samples were removed once or more often twice weekly. In 
all instances, with one exception (W. L.) to be described later, the hematocrit remained 
constant during the sampling period. The standard was counted at the same time as 
subsequent samples to eliminate variations in counting efficiency and correction for radio- 
active decay. 


Blood urea nitrogen (B.U.N.) was determined by Archibald’s method.15 Serum 
creatinine was measured after elution from Lloyd's reagent.16 Twenty-six normal subjects 
showed a range from 0.37 to 1.12 mg. per cent with a mean of 0,84 + 0.14, 


Hemoglobin 


20 3o ao 50 80 90 wo 
BUN mg 


Fig. 1.—Relationship between blood urea nitrogen and hemoglobin (r = 0.756, p < 0.001). 


RESULTS 
The individual values with means are shown in Table I. There was a steady 
fall in the mean values for hemoglobin in each group from 15.3 Gm, per cent 
in the controls to 13.6 Gm. per cent in Group 2 and 9.8 Gm. per cent in Group 
3. This fall was associated with evidence of increasingly severe renal disease, 
the mean blood urea nitrogen (B.U.N.) rising from 12.2 mg. per cent to 30.5 
mg. per cent and 54.9 mg. per cent in each group. That a fairly close relation- 
ship existed between renal function as measured by B.U.N, and the level of 
hemoglobin is shown in Fig. 1. Each dot represents a single reading on one 
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(MG.%) 
COUNT 


(@M.% ) 


DIAGNOSIS 
Osteoarthritis 
Healed peptic ulcer 
Osteoarthritis 
Coronary artery disease 
Coronary artery disease 
Staff 
Staff 
Staff 
Staff 
Staff 


NEE 
| CREAT. (MG.% ) 

RED CELL 
( MILLIONS/C.MM., ) 
MCH (upc) 


sz 


Mean : 
+ 48 0.36 


Chronie pyelonephritis 31.0 3.90 13. 4.03 100.0 
Acute glomerulonephritis 140° 13. 4.24 38. 90.0 
Chronic pyelonephritis 24.0 2.80 - 
Essential hypertension 1.96 15. 4.40 100.0 
Chronic pyelonephritis 190 4.34 38, 88.0 
31 Chronie glomerulonephritis 35.4 3.00 4.60 40, 86.0 
41 Chronic pyelonephritis 51.4 4.00 13. 4.46 . A 93.0 
63 Chronie pyelonephritis 35.8 2.70 12. 4.15 39. ‘ 95.0 
A. L. 60 Chronic pyelonephritis 36.6 3.76 3.74 37. 92.0 
Mean 50 30.5 2.82 3. 4.25 : : 93.0 
12.3 0.93 82 0.85 


Essential hypertension 42.0 3.40 2.90 85.5 

Chronie pyelonephritis 42.0 3.60 7 3.20 31. a 96.8 

Chronie pyelonephritis 60.0 5.00 2 $3.10 27. ‘ 87.5 

Chronie pyelonephritis 60.0 6.10 2.40 q 95.0 

Chronie pyelonephritis 56.0 3.50 3.60 35.4 99.8 

Chronic pyelonephritis 35.2 3.20 3.85 37. 96.4 

Diabetic glomerulosclerosis 47.0 3.90 2.10 20. 5. 98.0 

Acute glomerulonephritis 28.0 2.60 A 3.90 31, 5 79.0 

Chronie glomerulonephritis 10.00 q 3.86 30. 84.0 

Chronie pyelonephritis 51.4 4.00 . 2.80 25. 4 89.0 

Acute glomerulonephritis 5.0 2.01 4.15 30, 5 81.0 

Acute glomerulonephritis 0 3.60 2 3.35 3 90.0 

Chronie glomerulonephritis 

and chronic pyelonephritis 31.2 3.29 ‘ 3.40 33, 93.0 

39 Subacute glomerulonephritis 35.2 4,72 ‘ 3.63 33, 91.0 

R. A. 35 Chronie pyelonephritis 140.0 19.1 \ 2.41 24. . 100.0 
Mean 54. 3.24 
+ 8.D. 28.5 0.6 


Group I vs. If 0.01 0.001 0.3 
Group I vs. IIT p = less than 0.001 0,001 0,001 0.3 
Group II vs. III 0.001 0.001 0.001 0.7 


*Group 1 = normal subjects. Group 2 = patients with renal disease with hemoglobin above 
12 Gm. per cent. Group 3 = patients with renal disease with hemoglobin under 12 Gm. per cent. 
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3.21 0.5 
32.0 
33.0 
32.0 
31.0 
30.0 
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: 31.0 
I 32.0 
26.2 
32.5 
29.7 
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31.8 
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33.0 
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30.0 
32.0 
33.0 
33.0 
30.4 
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patient with renal disease. There are 40 values. Those patients not included 
in the other parts of this study were ones who were under observation but had 
been considered unsuitable for various reasons, most usually the absence of 
azotemia. <A definite negative correlation is seen, as the B.U.N. rises the 
hemoglobin falls. Statistically p is less than 0.001 which is highly significant. 
For each 8 mg. per cent rise in B.U.N. the hemoglobin falls approximately 1 
Gm. per cent over the range of values studied. 
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Fig. 2.—Relationship between hemoglobin and serum iron (rt = 0.517, p < 0.01). 


The fall in hemoglobin in Groups 2 and 3 is paralleled by significant falls 
in both red blood cell count and hematocrit. The anemia is, however, normo- 
eytie and normochromie, the corpuscular constants remaining unchanged. The 
plasma volume likewise remains unchanged and actually increases in Group 
3. This is true whether caleulated as total amount or milliliters per kilogram 
and is, therefore, not due to a fall in body weight. Total blood volume remains 
unchanged. Aspiration bone marrows were done on all patients in Groups 2 
and 3. No gross morphologic changes were seen.* Quantitative differential 
counts in many cases were likewise noncontributory; however, no detailed 
study of bone marrow smears was attempted as this has already been carefully 
done."* 


Although the value for total iron binding capacity in the serum remains 
constant, the serum iron tends to fall as renal failure becomes more marked. 
The difference between Groups 1 and 3 is highly significant (p < 0.01). Con- 
siderable variation exists between different patients, however, in individual 
values and for this reason owing to the small size of the groups, Groups 1 and 
2 do not differ statistically at the 5 per cent level although the mean of Group 


P - *We are indebted to Dr. Lorne Shapiro, Consultant Hematologist, for reading the marrow 
slides, 
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2 is considerably less than that of Group 1. Nevertheless the trend seems quite 
definite. There seemed to be some correlation between serum iron and hemo- 
globin (p < 0.01) as shown in Fig. 2 but none between serum iron and B.U.N. 
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Fig. 3.—Rate of disappearance of injected Fe®. 
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Fig. 4.—Relationship between serum iron and plasma iron disappearance rate (r 0.710, 
p < 0,001). 


Following injection of tracer iron, the rate of removal from the plasma 
was followed in the 3 groups. The time for one-half of the injected iron to 
have disappeared was less for both Groups 2 and 3 as compared with the con- 
trols. (Figs. 3 and 4.) Patient R. A. in Group 3 was an exception inasmuch as 
his plasma clearance time was markedly prolonged. He was severely uremic 
at the time of the study and this may have in some way affected his plasma 
clearance. If he is exeluded, then the difference between the means of both 
Groups 2 and 3 from the controls are significant (p < 0.05 and 0.02, respec- 
tively). 
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Following removal during the first day, the radioiron becomes available 
to the maturing red cells, incorporated into hemoglobin, and appears in the 
circulating erythrocytes. A major difference is apparent in those patients 
with less than 12 Gm. per cent hemoglobin, all contained in Group 3, in com- 
parison to the rest of the patients with renal disease and the control group. 
(Fig. 5.) Without exception, all in Group 3 incorporated less than would be 
expected of the iron, with a mean utilization value of 42.5 per cent. Both 
other groups utilized an average of 81.5 per cent and 84.5 per cent with no 
overlap in the individual figures between Group 3 and the other two groups. 
Fig. 6 shows that as the hemoglobin falls so the utilization of radioiron de- 
creases, 
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Fig. 5.—Incorporation of Fe® into circulating erythrocytes. 

Fig. 6.—Relationship between hemoglobin and per cent incorporation of Fe™ into circulat- 
ing erythrocytes (r = 0.820, p < 0.001). 

The above changes in iron metabolism are illustrated by patient O. F. 
who is the only one to appear in both Groups 2 and 3. Throughout the whole 
period of observation extending over 14 months this patient’s general health 
was excellent and he was asymptomatic. The almost accidental discovery of 
an abnormal urine led to the diagnosis of acute glomerulonephritis which 
slowly healed over a period of 4 months. This diagnosis was confirmed by 
renal biopsy. Two studies of iron metabolism were performed at intervals of 
3 months. (Fig. 7.) The first one reveals the characteristic changes present 
in the patients in Group 3. The second shows the shift of these values to the 
normal range, 

Sixteen normal subjects have had erythrocyte survival times estimated in 
this laboratory using the chromium™ method. The results agree closely with 
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those reported by others with 50 per cent of the labeled cells disappearing 
from 25 to 43 days with a mean of 29.8 days. Ten patients in Group 2 and in 
Group 3 had survival times done. Unfortunately, it was not possible to do 
these simultaneously with the radioiron studies, as apparatus for discriminating 
between the two isotopes was not available when most of these data were being 
collected. The estimates of survival time were, therefore, obtained several 
months before or after the radioiron studies and because of the long interval 
the only patients in whom survival times were estimated were those with a 
stable hematologic and renal state. It is possible that some of the other pa- 
tients who were not studied would also have shown abnormalities in erythro- 
eyte life span and the number of patients proved to have shortened survival 
times probably represents only a portion of the total group. 
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Fig. 7.—Changes in iron metabolism in Patient O. F. 


Of the 10 patients studied, 5 were found in whom red cell life span was 
significantly shortened; they were W. L., J. L., M. D., L. S., and C. W. All 
were in Group 3. Patient W. L. with severe chronic pyelonephritis has been 
under continuous observation for 18 months. Three separate survival times 
were carried out. On the first occasion (the topmost line in Fig. 8), following 
labeling of his own erythrocytes the activity in the circulating blood instead 
of falling remained almost stationary over a period of 8 days. This was accom- 
panied by a fall in hematocrit from 25 per cent to 18 per cent. There was no 
evidence of blood loss and repeated stools were negative for blood. These 
findings were interpreted as evidence of a decreased output of new red cells by 
the marrow but with continued destruction of aged cells, comparable in some 
ways to the crises described in other hemolytic states, notably congenital 
spherocytosis."* When the hematocrit had fallen to 18 per cent the patient 
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was transfused with 500 ml. whole blood and 800 ml. packed cells. Subse- 
quently his erythrocyte survival time was estimated and found to be markedly 
shortened. The patient’s cells were then injected into a normal recipient after 
labeling with radio-chromium where a normal survival time was found. Nor- 
mal compatible cells transfused into the patient showed a markedly shortened 
life span. 
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Fig. 8.—Erythrocyte survival time in Patient W. L. 
Fig. 9.—Cr®™ survival data in Patient J. L. 


Fig. 9 shows an essentially similar set of findings. J. L. had chronic 
pyelonephritis and was clinically similar to W. L. The degree of renal failure 
showed no appreciable change during an observation period of one year. In 
October, 1956, his own erythrocytes in himself had a shortened life span. The 
same cells in a normal compatible recipient had a normal life span. In August, 
1957, there had been no change in his condition. At this time normal cells 
transfused into the patient showed a shortened life span. 

Patient M. D., Fig. 10, when having his erythrocyte survival time esti- 
mated was found to have developed a reticulocytosis which varied from 1 to 4.6 
per cent. The patient’s red cells were transfused into a normal recipient at 
a time when the reticulocytosis was at peak values and his own red cell sur- 
vival time was shortened. In the normal subject these cells had a normal 
survival time. At this time his clinical condition was excellent with compen- 
sated renal failure which had shown no change over a 6-month period. After 
allowing an interval of 2 months to eliminate the residual radioactivity from 
his own cells, he was transfused with normal red cells. It was surprising to 
find the survival time was now normal. The reticulocyte count had also 
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decreased. Following this, repeat labeling of his own cells did indeed now show 
a survival falling with the normal range. The hemolytic process here was 
apparently a transitory one. 
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Fig. 10.—Cr™ survival data in Patient M. D. For explanation, see text. 
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Fig. 11.—Cr™ survival data in Patient L. 8S. 


Patient L. S., Fig. 11, did not differ clinically except that his renal failure 
was not as severe as the other 4 patients. The survival time of his erythrocytes 
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in himself was shortened but surprisingly they were also shortened in a normal 
recipient. Group compatibility was rechecked in this instance as was the 
recipient’s blood after an interval for the development of antibodies by the 
Coombs’ technique, but no abnormalities were uncovered. Unfortunately it 
was impossible to recheck those results as the patient moved to another district. 

Although evidence of a hemolytic process was essentially derived from 
the cell survival studies in these patients, it was noted that the reticulocyte 
counts tended to be above 2 per cent and therefore higher than most other 
patients in Group 3. Furthermore the excretion of urobilinogen in the feces 
was high relative to the red cell mass. Although the values for Group 3 as a 
whole are not statistically different from Groups 1 or 2, yet if the hemolytic 
indices of the 5 patients with accelerated erythrocyte destruction are compared 
with the other patients in Groups 1 and 2 then the difference between the 
means is significant (p < 0.05). 


DISCUSSION 


Anemia is not an invariable or even common accompaniment of renal dis- 
ease because in most instances the condition will be present without having 
progressed to the extent of sufficient renal failure to give azotemia. Although 
there is no direet evidence to incriminate urea as the responsible agent, never- 
theless the level of this retained metabolite provides the single most useful 
guide as to when anemia may be expected, and of approximately what severity. 
Even so it is clear from Fig. 1 that the variation in hemoglobin between differ- 
ent patients at any level of B.U.N. is considerable. The reserve of an individ- 
ual’s bone marrow may be of importance as well as the presence of more than 
one mechanism for anemia. In addition, if the level of renal failure is chang- 
ing then the hemoglobin may not keep pace. There is often a latent period 
of several weeks during which time with the B.U.N. rising the hemoglobin 
will show little change. After the B.U.N. may have stabilized or even started 
to fall then the hemoglobin may fall profoundly and not rise again until the 
B.U.N. has been normal for a considerable time. This is well illustrated by 
Fig. 12 of patient M. d’A. with acute glomerular nephritis. The maximum 
fall in hemoglobin is not found until 20 days after the highest B.U.N. A 
similar sequence has been seen repeatedly. The initial delay probably repre- 
sents the time required for the normal random destruction of circulating 
erythrocytes to have progressed far enough to lower the red cell mass appreci- 
ably. During this time the marrow is depressed and the delivery of new cells 
is less than the rate of destruction of aged ones. The reverse occurs after 
the B.U.N. has fallen, the marrow requiring time to increase the output of 
new cells to restore the circulating red cell level. 

From what has been said it is clear that the presence of anemia in a given 
patient with renal disease is of no aid whatsoever in the differential diagnosis 
of the underlying disease. If we exclude from consideration increase in plasma 
volume without decrease in red cell mass, then the presence or absence of 
anemia is related solely to renal failure which ean be produced by any one of 
innumerable different conditions. 
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Likewise it is worth emphasizing the pitfalls of using the presence of 
anemia for prognosis. Unless very severe, the anemia of itself carries no 
special hazard and the prognosis is, therefore, that of the primary condition, 
namely, the renal disease. If this is acute, for example, acute glomerular ne- 
phritis, because of the favorable tendency for healing or at least remission of 
this stage of the disease the prognosis can be favorable, even if anemia is 
marked. In chronie disease, glomerular nephritis and pyelonephritis may be 
taken as examples. Similar levels of blood urea nitrogen and hemoglobin 
may be seen when the patient first comes under observation, yet the patient 
with glomerular nephritis is likely to die much sooner than that with pyelone- 
phritis. This is the natural history of the disease irrespective of the degree of 
anemia. 
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Fic. 12.—Patient M. d’A. showing relationship of B.U.N. and hemoglobin during acute glomeru- 
lar nephritis. 

From the data presented there is evidence that two different processes 
may lead to anemia in the presence of renal disease. The first is reflected in 
the radioiron data, the second in the radio-chromium survival times. It is 
clear that both these mechanisms need not be present in the same patient. Al- 
though the cell survival data are small there are at least 3 patients in Group 
3 (N. L., F. H., and A. D.) with marked anemia who had normal erythrocyte 
life spans. On the other hand all in Group 3 had profound disturbances of iron 
metabolism most clearly demonstrated in the depression of marrow utilization 
of the injected tracer iron. Similarly although this parameter was not dis- 
turbed in Group 2 patients, yet there were definite indications (e.g., the plasma 
iron clearance rate) that iron metabolism was abnormal in this group as well. 
These findings make it likely that every patient who has anemia secondary 
to renal disease will show evidence of abnormal iron metabolism. A hemolytic 
process may or may not be present, but if it is, it will be probably super- 
imposed on the changes in iron metabolism which have been described. 
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The pathophysiologic interpretation of the radioiron data is difficult. 
There is a fall in serum iron which reflects a decrease in total intravascular 
circulating iron. Any iron introduced into the circulation is removed more 
rapidly than normal. This is reflected in the number of times a day the plasma 
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Fig. 13.—Relationship my og the plasma iron pool is 
iron pool is being replenished. (Fig. 13.) Yet, evidence for iron deficiency 
is lacking. Patient G. D., who has not been included in the previous data, is 
of interest in this respect. This 38-year-old man was admitted with profound 
anemia (Table II) and active glomerular nephritis with azotemia. The anemia 


TasLe Il. SHowrne Response or Patient G. D. To Iron THERAPY 


B.U.N. | SERUM 


(GM. | MM. | HMCT, | RETICS.| (MG. | FE 
DATE %) 105 | (%) (%) % ) %) |\(ua%) THERAPY 
Dee. 5, 1956 6.0 2.5 21 1.7 28 12 437 Oral ferrous gluco- 


nate 0.33 Gm, 3 
times daily 


Dee. 10, 1956 6.0 3.0 24 8.0 
; Dec. 15, 1956 7.2 2.9 25 6.6 Intramuscular iron 
started 
Jan. 8, 1957 8.4 2.8 28 0.5 54 Intramuscular iron 
ay stopped. Total 
a 1,300 mg. 
Feb. 4, 1957 8.6 2.8 27 0.6 101 45 230 Ferrous gluconate 


stopped. Total 61 
Gm. 
Feb. 19, 1957 7.0 2.5 21 2.2 124 


was clearly iron deficient. The plasma iron clearance was very rapid and the 
per cent utilization was within the normal range, yet less than expected for 
pure iron deficiency. (Fig. 14.) He received a total of 1,300 mg. elemental 
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iron intramuscularly and 7.0 Gm. by mouth. It ean be seen from the reticulo- 
cyte figures that oral iron was well absorbed. The hemoglobin rose to 8.6 Gm. 
per cent only and subsequently fell as renal failure became more severe. All 
evidence of iron deficiency disappeared. He was now left solely with anemia 
secondary to renal disease. The still markedly lowered serum iron is notable. 
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Fig. 14.—Patient G. D. showing disappearance and incorporation of Fe™. 


It was noted that in several instanees (Fig. 3, Group 3), the slope of the 
plasma iron disappearance tended to depart from linearity and become curved. 
A similar phenomena has been noted previously and suggests exchange with 
other labile iron systems situated extravascularly.’® 

The evidence suggests a rapid storage process whereby iron is being re- 
moved from the plasma pool. A similar process has been described previously 
in rats with turpentine abscesses,*° It was of interest to determine the site of 
this storage and to see if the iron which in the Group 3 patients was not ac- 
counted for in the peripheral blood could be found elsewhere. 

The results in 2 patients are shown in Table III. Both had been studied 
earlier and are included in Group 3. J. P. was uremic but his general condition 
was good; he was conscious and able to read the newspaper. There had been 
no blood loss. He died suddenly from a cerebral hemorrhage. R. A. was in 
excellent condition, up and around the ward. He suddenly went into pulmo- 
nary edema and died. No precipitating cause could be discovered at autopsy. 
Both died about 2 months after the initial radioiron studies. In each case this 
was the only isotope administered. The total organs were weighed separately. 
Small aliquots 3 to 4 Gm. in size were lightly dried with gauze and weighed 
on a torsion balance. They were wet ashed with concentrated nitrie acid 
until the solution was clear, made up to 10 ml. volumes and a 5 ml. aliquot was 
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counted in the same way as the initial radioiron samples. Total activity 
present in each organ was found by multiplying by the autopsy weight. No 
allowance was made for contained blood. The activity of the red cell mass 
was assumed to remain constant from the time of the last determination. As 
a plateau had been reached the error was probably small. It can be seen 
from the figures that the radioactivity of the various organs is minimal with 
the exception of the liver and spleen. Together these accounted for 83 per 
cent in R. A. and 96 per cent in J. P. of the total activity found. Total re- 
covery was 102 per cent in J. P. but only 58 per cent in R. A. The reason for 
this is not known, as loss outside the body can probably be excluded. The 
urine following the original injection of radioiron had been counted in this 
case, as well as several others in Group 3 and the activity was negligible in 
each instance. It may be noted here that proteinuria in all these patients was 
small, usually below 2 Gm. per day, and loss of iron bound to protein would 
not be expected to be significant. 
TABLE III. Autopsy Tissug Counts ror Patients J, P. AND R. A. 


| PER CENT OF 
ACTIVITY COUNTS/ | TOTAL ORGAN (RECOVERED FE5® TOTAL PER CENT 


SEC, PER GM. WET ACTIVITY TISSUE AND RECOVERY OF 
NAME ORGAN WEIGHT (COUNTS/SEC. ) | BLOOD | INJECTED FES 
Heart 0.28 139 > 10 
Lungs 1.11 700 
Liver 12.39 22,300 52.6 
J.P. Spleen 51.90 9,070 21.4 102 
Kidney 1,33 225 > 1.0 
B. marrow 1.10 
Blood 9,860 23.3 
Heart 0.00 0 0.0 
Lungs 0.46 647 5.8 
Liver 2.86 4,620 41.5 
R. A. Spleen 3.41 1,025 9.2 58 
Kidney 3.00 539 4.9 
B. marrow 0.30 
Blood 4,300 38.6 


The results from these 2 patients strongly suggest that iron is being prefer- 
entially retained in the liver and spleen, of which the liver is quantitatively 
the most important. It remains to be considered whether this is a primary 
defect in iron metabolism or whether secondary to reduced marrow activity. 
The latter seems most likely in the Group 3 patients where the utilization of 
iron by the marrow is depressed yet the red cells are not iron deficient. A 
similar process may be taking place in the Group 2 patients where there is 
reduced erythroblastic activity but to a lesser degree so that utilization of 
iron remains grossly normal yet the ‘‘stockpiling’’ of iron which is in excess 
of the marrow’s ability to use is starting to take place. Similar findings to 
these have been reported in patients anemic due to rheumatoid arthritis’® and 
infection.” 

The hemolytie process in 5 patients was shown not to be due to any strue- 
tural intrinsie defect in the red cell in 3. No antibodies could be detected al- 
though looked for by the Coombs’ technique and also in saline, albumin, and 
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in the cold in each instance. Reeent evidence demonstrating abnormalities of 
intermediary red cell metabolism in uremic patients”? suggests that hemolysis, 
when present, is due to inereased susceptibility of the red cell envelope to 
disruptive influences which, although experienced continuously by normal 
erythrocytes, leads to premature death of uremic cells. This defeet might be 
correctible with a change in environment as, for example, after transfusion 
into a normal recipient. However, an attempt to demonstrate alteration in 
the mechanical fragility of patient W. L.’s cells when suspended in his own 
plasma as compared with normal plasma was unsuccessful. Similarly there 
was no effeet when normal cells were suspended in W. L.’s plasma. Osmotic 
fragilities were measured and found to be normal in all those with shortened 
erythrocyte life spans. 

The insidious nature of the hemolytic process in these patients has been 
noted by others and is being deseribed in a variety of other disease states. 
Reticuloeyte counts although at times over 2 per cent never exceeded 6 per 
cent and were rarely as high as that. Feeal urobilinogen tended to be moder- 
ately increased when related to red cell mass. Serum bilirubin was invariably 
normal. 

Any discussion of anemia in renal disease would be incomplete without 
referring to treatment. In the uneomplicated anemia under review in this 
paper, there is clearly no need for iron. Its limitation may well be seen in 
Patient G. D. Likewise there is no evidence of deficiency of vitamin B,., folie 
acid, or other known maturation faetors. Cobalt will undoubtedly raise the 
hemoglobin of some patients but we have had no experience with it. Tt is 
common practice, however, to transfuse patients of the type deseribed in this 
paper. We believe that in most instances this is not indicated. Naturally 
replacement of blood loss following hemorrhage in the uremie state is an en- 
tirely different matter, but in the slowly developing anemia as seen in our 
patients acclimatization to a reduced red cell mass appears to take place 
quickly. Blood volume is well maintained. Blood transfusion apart from the 
inherent risk of viral hepatitis and incompatibility will expand blood volume 
above normal thereby increasing the danger of pulmonary edema by overload- 
ing the heart. Having elevated the hemoglobin it will usually fall to the pre- 
transfusion level within the life of the transfused cells or faster if there is a 
hemolytie component. Mere elevation of hemoglobin probably does not im- 
prove renal function and there is evidence of acclimatization of filtration rate 
and plasma flow to marked differences in hematoerit.** ** The cireumstanees 
in Patient W. L. are unusual, but if relative marrow failure can develop then 
the data suggest transfusion may establish or permit a new level of marrow 
funetion which will be maintained thereafter. 


SUMMARY 


The anemia associated with renal failure has been investigated from the 
standpoint of natural history, radioiron metabolism, «nd erythroeyte survival. 
A marked disturbance in iron metabolism probably secondary to marrow 
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dysfunction is apparent with the development of anemia. In some instances a 


hemolytic component appears. The severity of the anemia correlates fairly 
well with the degree of renal failure. 


We particularly wish to thank Dr. G. W. Halpenny without whose support and en- 


couragement this study would not have been possible and, also, Dr. A. H, Neufeld for 
advice and facilities provided and Miss V. Davidson for secretarial assistance. 


REFERENCES 


Cases and Observations, Illustrative of Renal Disease Accompanied With 
the Secretion of Albuminous Urine, Guy’s Hosp. Report 1: 338-400, 1836. 


. Emerson, C. P., and Burrows, B. A.: The Mechanism of Anemia and Its Influence on 


Renal Function in Chronic Uremia, J. Clin. Invest. 28: 779, 1949. 


. Chaplin, H., and Mollison, P. L.: Red Cell Life-Span in Nephritis and in Hepatic 


Cirrhosis, Clin. Se. 12: 351, 1953. 


. Sutherland, D. A., MeCall, 8., Jones, F., and Muirhead, E. E.: The Anemia of Uremia: 


Hemolytic State Measured by the Radiochromium Method, Am. J. Med. 19: 153, 
1955. 


. Gormsen, J., and Gjgrup, P. A.: Anemia in Chronic Diseases of the Kidneys, Danish 


Med. Bull. 2: 195, 1955. 


. Finch, C, A., Gibson, J. G., Peacock, W. C., and Fluharty, R. G.: Iron Metabolism. 


Utilization of Intravenous Radioactive Iron, Blood 4: 905, 1949. 


. Loge, J. P., Lange, R. D., and Moore, C. V.: Characterization of the Anemia of Chronic 


Renal Insufficiency, J. Clin. Invest. 29: 830, 1950, 


Standardizing a Method for Clinical 
Hemoglobinometry, U. 8. Armed Forees Med. J. 5: 693, 1954. 


. Chaplin, H., Jr., and Mollison, P. L.: Correction for Plasma Trapped in the Red Cell 


Column of the Hematocrit, Blood 7: 1227, 1952. 


A Simple Method for the Quan- 
titative Recording of the Ehrlich Reaction as Carried Out With Urine and Feces, 
Am. J. Clin. Path. 14: 605, 1944, 


. Powell, J. F.: Serum Iron in Health and Disease, Quart. J. Med. 13: 19, 1944, 
. Rath, C. E., and Finch, C. A.: Chemical, Clinical, and Immunological Studies on the 


Products of Human Plasma Fractionation. XXXVIII. Serum Iron Transport. 


Measurement of Iron-Binding Capacity of Serum in Man, J. Clin. Invest. 28: 79, 
1949. 


. Chaplin, H., Jr., Mollison, P. L., and Vetter, H.: The Body/Venous Hematocrit Ratio: 


Its Constancy Over a Wide Hematocrit Range, J. Clin. Invest. 32: 1309, 1953. 


. Huff, R. L., Hennessy, T. G., Austin, R. E., Garcia, J. F., Roberts, B. M., and Lawrence, 


J. H.: Plasma and Red Cell Iron Turnover in Normal Subjects and in Patients 
Having Various Hematopoietic Disorders, J. Clin. Invest. 29: 1041, 1950. 


. Archibald, R. M.: Colorimetric Determination of Urea, J. Biol. Chem. 157: 507, 1945. 
. Owen, J. A., Iggo, B., Scandrett, F. J., and Stewart, C. P.: Determination of Creatinine 


in Plasma or Serum, and in Urine; Critical Examination, Biochem. J. 58: 426, 
1954. 


. Callen, I. R., and Limarzi, L. R.: Blood and Bone Marrow Studies in Renal Disease, 


Am. J. Clin. Path, 20: 3, 1950. 


. Owren, P. A.: Congenital Hemolytic Jaundice; Pathogenesis of “Hemolytic Crisis,” 


Blood 3: 231, 1948, 


. Freireich, E. J., Ross, J. F., Bayles, T. B., Emerson, C. P., and Finch, 8. G.: Radioactive 


Iron Metabolism and Erythrocyte Survival Studies of the Mechanism of the 
Anemia Associated With Rheumatoid Arthritis, J. Clin. Invest. 36: 1043, 1957. 


. Greenberg, G. R., Ashembrucker, H., Lauritsen, M., and Wintrobe, M. M.: Anemia of 


Infection; Rate of Injected Radioactive Iron in Presence of Inflammation, J. Clin. 
Invest. 26: 121, 1947. 


- Bush, J. A., Ashembrucker, H., Cartwright, G. E., and Wintrobe, M. M.: The Anemia 


of Infection. XX. The Kinetics of Iron Metabolism in the Anemia Associated 
With Chronic Infection, J. Clin. Invest. 35: 89, 1956. 


. Rees, 8. B., Scheitlin, W. G., Pond, J. C., McManus, T. J., Guild, W. R., and Merrill, 


J. P.: Effect of Dialysis and Purine Ribosides Upon the Anemia of Uremia, J. 
Clin. Invest. 36: 923, 1957. 


. Malizia, E.: Renal Function and Hemodynamics in Primary and Secondary Polycythe- 


mia, Acta med. scandinav. 154: 399, 1956. 


. Bradley, 8. E., and Bradley, G. P.: Renal Function During Chronic Anemia in Man, 


Blood 2: 192, 1947. 


1 
2 
an 
ag 
12 
15 
16 


THE COAGULATION OF BLOOD BY RUSSELL’S VIPER VENOM 
A Reaction BETWEEN RUSSELL’S VIPER VENOM AND BEEF SERUM FACTORS 


JaMEs PepEN, Jr., M.D., AND ANpREW C. Peacock, Px.D. 
Betuespa, Mp. 


HE ability of Russell’s viper venom (RVV) to promote rapid clotting of 

recalcified plasma’ led to the concept that RVV was a thromoplastin simi- 
lar to brain thromboplastin. Subsequently, however, major points of differ- 
ence between the tissue thromboplastins and RVV were observed, notably that 
plasmas from patients receiving Dieumarol frequently showed clotting times 
with RVV much shorter than with brain or lung thromboplastin,’ and that 
either platelets or certain lipids were required for maximum activity of RVV, 
whereas brain and lung thromboplastins were not as dependent on these 
factors.* * 


In some respects RVV-lipid mixtures resemble the thromboplastie activity 
which normally develops in mixtures of Al(OH),-treated plasma, serum, and 
platelets.’ In this comparison it appears that the addition of RVV (and 
phospholipid) to recaleified citrated plasma shortens the clotting time by 


providing an activity similar to some product which normally arises in the 
generation of plasma thromboplastin only after some delay. Biggs, Douglas, 
and Maefarlane® showed that very short clotting times can be obtained by 
the addition of aliquots of an incubation mixture containing RVV, serum, 
platelets, and factor V to normal plasma or to fibrinogen-prothrombin mix- 
tures. 

Factors which are presently recognized as being necessary for the max- 
imum activity of RVV in shortening the coagulation time of reealcified plasma 
include calcium, a lipid factor** or platelets,’ factor V (proaccelerin, labile 
factor),” * and perhaps Stuart factor,’ but the reactions in which RVV is in- 
volved have not been characterized. 

We will deseribe a reaction between RVV and factors present in beef 
serum and show that the product of this reaction is active in the coagulation 
of plasma. We will present evidence that phospholipid is not required for the 
reaction between the venom and the beef serum factors but is required in 
some subsequent reaction. 


METHODS AND MATERIALS 


We have used two-stage systems for the study of the coagulant activity of RVV. 
Dilute solutions of the venom were incubated with dilutions of beef serum and solutions 
From the Clinical Pathology Department, Clinical Center, and the National Cancer Insti- 


tute, National Institutes of Health, U. 8S. Department of Health, Education, and Welfare, 
Bethesda, Md. 


Received for publication Jan. 16, 1958. 
101 


102 PEDEN AND PEACOCK J. Lab. & Clin. Med. 
July, 1958 


of other clotting factors, Aliquots of the incubation mixtures were removed at intervals 
and added to samples of plasma or fibrinogen solution, and the clotting times were noted. 

Russell’s viper venom (RVV) is the commercial product Stypven.* 

Commercialt sterile calf serum was separated in 1 to 2 ml. aliquots and kept frozen 
until just before use. It was devoid of prothrombin (as measured by the two-stage tech- 
nique) and had no thrombie or thromboplastie activity. It corrected the prolonged one- 
stage prothrombin time of patients in the early phase of Dicumarol therapy and served 
adequately as a source of accelerators in the two-stage prothrombin reaction. 

All solutions except fibrinogen were made in 0.1 M tris(hydroxymethyl)aminomethane 
(Tris) buffer, pH 7.4. 


A 2 per cent solution of Armour’s bovine fraction I in imidazole buffer was used for 
fibrinogen.® 

Phosphatidyl ethanolamine (PE) was fraction 5 of crude brain cephalin prepared 
according to Foleh.10 It was suspended in Tris buffer by shaking 10 minutes on a mechani- 
eal shaker. 

Ca(Cl),, 0.02 M, was prepared in Tris buffer, 

Substrate plasma was obtained from normal volunteers. Using siliconed syringes, 
10 to 20 ml. samples of blood were drawn and placed in siliconed tubes containing 0.1 
volume of 0.11 M sodium citrate anticoagulant. The whole blood was centrifuged in the 
cold and the plasma separated. The plasma was then centrifuged at 105,000 g for 30 to 
45 minutes in a Spinco Model L ultracentrifuge. The lipid layer which accumulated at 
the surface was carefully pipetted off and discarded, The “lipid-poor” plasma which 
remained was then carefully decanted from any sediment and used promptly. The re- 
moval of lipid in this manner assured that the effect of added purified phospholipid would 
be more uniform with different plasma samples. Specimens of plasma prepared without 
the precautions described above varied widely in RVV-clotting times and were not used. 
Although plasmas prepared carefully gave more uniform results, slight differences in 
clotting times were noted. Only one specimen of plasma was used for all of the data in 
any one figure or table, Data in different tables or figures should not be compared. 

Purified prothrombin was prepared from human plasma according to Owren.11  Pro- 
thrombin activity was assayed by the two-stage technique of Warner, Brinkhous, and 
Smith!2 as modified by Ware and Seegers® and was found to be approximately 80 units 
per milliliter. The prothrombin so obtained was probably contaminated by factor VIT 
(stable factor), but was inactive in the two-stage procedure in the absence of dilute beef 
serum. 

Incubation mixtures were kept at 37° C, in a constant temperature water-bath and 
plasma or fibrinogen for clotting was prewarmed to 37° C. The moment at which a 
definite web of granules appeared was the end point chosen for determining the clotting 
times of plasma, The first appearance of definite fibrin threads was the end point for 
fibrinogen clotting times. 


RESULTS 


Solutions of RVV in concentrations of the order of 0.001 mg. per milliliter 
possess very weak coagulant activity. When such dilute solutions of RVV are 
incubated with beef serum, caleium, and PE, however, there appears in the 
incubation mixture a potent coagulation accelerating activity which increases 
with time and reaches a maximum within a few minutes (Table I). The omis- 
sion of the beef serum results in a failure of the mixture to develop such ac- 
tivity. Beef serum dialyzed against 0.85 per cent NaCl retains its effectiveness 
in this system. Beef serum which has been heated to 56° C. for 30 minutes 
shows greatly reduced activity. 

*Burroughs, Wellcome & Company, Tuckahoe, N. YY. (Dried venom obtained from the 


Ross Allen Reptile Institute, Silver Springs, Fla., was found to be equivalent in our system.) 
tCappel Laboratories, West Chester, Pa. 
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Number 


TABLE I. CLoTTiING TIME IN SECONDS OF 0.1 ML. OF Liptp-Poor PLASMA Upon SIMULTANEOUS 
ADDITION OF 0.1 ML, OF INCUBATION MIXTURE AND 0.1 ML. oF 0.02 M Ca(CL), 


INCUBATION MITXURE ; INCUBATION TIME (MIN. ) 


(37° ©.) oe 5 | 6 7 


Complete* 22 16% 13 12% 11% 11% I11% 
Buffer replaces RVV 85 - 78 

suffer replaces beef serum 64 

Buffer replaces PE 100 = 

With heated beef serumt 36% 3! 34 

With dialyzed beef serumt 20% - f 13% 


*Complete incubation mixture includes equal volumes of RVV (0.004 mg. per milliliter) ; 
PE (0.2 mg. per milliliter) ; beef serum (1:10 dilution) : and Ca(Cl)2 (0.02 M). 


tNormal beef serum replaced by beef serum heated at 56° C. for 30 minutes. 


tNormal beef serum replaced by beef serum after dialysis against 0.85 per cent NaCl for 
18 hours at 4° C, 


Some thrombin appears in the complete incubation mixture, presumably 
from the conversion of traces of prothrombin (not measurable by the two- 
stage technique) which remain in the beef serum.* When a 2 per cent solu- 
tion of fibrinogen is used as clotting substrate instead of reealeified plasma, 
clotting times in the range of 120 to 150 seconds are observed. One-tenth 
milliliter of a solution of commercial thrombin? containing approximately 
0.1 unit of thrombin per milliliter clots the same volume of the fibrinogen 
solution used here in much less than 120 seconds. If this amount of thrombin 
is added to substrate plasma simultaneously with an aliquot of the complete 
RVV ineubation mixture and calcium, or if 4 times as much thrombin is added 
to the incubation mixture, the clotting times of the substrate plasma are not 
significantly changed. 


TABLE IT. Crorrinac TIME IN SECONDS oF 0.1 ML. OF Liptp-Poor PLASMA Upon THE 
SIMULTANEOUS ADDITION OF 0.1 ML. OF INCUBATION MIXTURE AND 0.1 ML. 
or 0.02 M Ca(CL), 


(0.1 ml. of PE or of Tris buffer is added to plasma just prior to addition of 
incubation mixture and caleium ) 


ADDED TO 
INCUBATION PLASMA INCUBATION TIME ( MIN.) 
MIXTURE | O.1 ML. OF: 1 | 5 
Complete* Tris buffer I8le 12% 11 11 
Complete 0.05 mg./ml. PE 19 16 13 14 - 13 
Buffer replaces PE 0.05 mg./ml. PE 21 5% 13% - 13% 13% 
Buffer replaces PE Tris buffer 55 3 39 37 - 3814 


*Complete incubation mixture as in Table I. 


Although the omission of PE from the incubation mixture appears to pre- 
vent the development of activity (Table I), it was demonstrated that PE is 
not required for the reaction between the RVV and the beef-serum factor(s). 
When PE was omitted from the incubation mixture, activity developed and 
could be demonstrated, provided the phospholipid was added to the plasma to 
be clotted (Table IT). The addition of PE to the plasma just prior to, rather 
than with, the incubation mixture, as in the previous experiments, has the 
effect of increasing somewhat the clotting time of the plasma; however, the 


*The amount of thrombin developed in the incubation mixture varied with different lots of 
beef serum employed. 


tThrombin, Topical (Bovine origin), Parke, Davis & Company, Detroit, Mich. 


= 
8 9 | 13 
11% - 
| 77% = 
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RVV=0.00img/mi 
» =0.002 


=0.004 + 
=0.008 + 


CLOTTING TIME (SECONDS) 


INCUBATION TIME (MINUTES) 


Fig. 1.—Incubation mixture contains equal volumes of RVV solution, dilute beef serum, 
and Ca(Cl)s At in.ervals, 0.1 ml. of incubation mixture and 0.1 ml. of Ca(Cl)s, 0.02 M, were 
added simultaneously to 0.1 ml. of lipid-poor plasma to which 0.1 ml. of PE (0.05 mg./ml.) had 
been added 15 seconds previously. The clotting time of the plasma is recorded in seconds. The 
concentration of the RVV solution added to the incubation mixtures was varied as indicated. 
The dilution of beef serum added to each incubation mixture was 1:5. 


BEEF SERUM 


| 


CLOTTING TIME (SECONDS) 


INCUBATION TIME (MINUTES) 


Fig. 2.—As for Fig. 1, except that the concentration of the RVV solution added to each 
incubation mixture was 0.004 mg. per milliliter. The dilution of beef serum added to the 
mixtures was varied as indicated. 
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development of coagulant activity during the RVV-beef serum incubation 
appears to be the same in either case. The beef serum was required in the 
incubation mixture with the RVV (Table IIL). It was without effect if added 
at a later stage. 


TABLE IIT. As In TABLE II, Excepr Tuar 0.025 ML. or 1:10 Dinurion or Beer SERUM OR 
or Tris BUFFER ADbED TO PLASMA JUST PRIOR TO ADDITION OF INCUBATION 
MIXTURE AND CALCIUM 
INCUBATION ADDED TO PLASMA INCUBATION TIME (MIN. ) 
MIXTURE 0.025 ML, OF: 
Complete* Tris buffer 13 11 
Complete Dilute beef serum 
Buffer replaces beef 
serum Tris buffer 35 
Buffer replaces beef 
serum Dilute beef serum 39 


*Complete incubation mixture as in Table I. 


In order to determine whether or not the product of the incubation mix- 
ture could convert prothrombin to thrombin without the participation of other 
factors present in the plasma, a purified prothrombin preparation was added to 
the incubation mixture. Under these conditions, thrombin was produced 
(Table IV). Virtually no thrombin production was observed in the absence 
of either beef serum or PE. 


Taste LTV. CLorring TIME IN SECONDS OF 0.1 ML. OF FIBRINOGEN SOLUTION AT 37° C. Upon 
ADDITION OF 0.3 ML, OF INCUBATION MIXTURE CONTAINING PURIFIED PROTHROMBIN 


INCUBATION 
MIXTURE AT 
ROOM INCUBATION TIME (MIN.) 


TEMPERATURE Bx RK. 5] 6 | 8 | 9 | 10{ 20 


Complete* >120 31 27% 22 19 - 19 - 
Buffer replaces 
RVV >300 >300 - >300 >300 - 
Buffer replaces 
beef serum >300 - 200 
Buffer replaces 
- 95 - - 83 - 65 


The nature of the RVV-beef serum reaction was investigated by varying 
the concentrations of the two components independently. Increasing the con- 
centration of the RVV while keeping the concentration of beef serum constant 
(Fig. 1) decreases the incubation time required for development of maximum 
activity and somewhat increases activity; decreasing the concentration of 
beef serum with constant venom concentration (Fig. 2) decreases the maximum 
activity developed but does not appreciably alter the time necessary for the 
development of this maximal activity. The omission of ealeium from the 
ineubation mixture significantly impairs but does not prevent the develop- 
ment of activity. 


25 | 30 
75 
155 
50 
*Final concentration in complete incubation mixture of: RVV = 0.0025 me. per milliliter ; 
PE 0.025 mg. per milliliter; beef serum = 1:1,000 dilution; Ca(Cl)s = 0.0025 M; prothrombin 
approximately 10 units per milliliter. 
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DISCUSSION 


We have demonstrated that RVV participates in a time-consuming re- 
action with factors present in beef serum to form a product which, in the 
presence of phosphatidyl ethanolamine, will bring about rapid clotting of 
plasma and conversion of a partially purified prothrombin. Even very small 
quantities of the venom can bring about production of a potent coagulant 
activity, given sufficient incubation time. 

The data shown in Figs. 1 and 2 suggest the hypothesis that the reaction 
between RVV and beef serum is an enzymatic one, and may be interpreted 
as showing that RVV contains an enzyme which catalyzes the conversion of 
an inactive precursor(s) substance in beef serum to an active form. That 
the role of RVV is probably that of a catalyst is supported by observations 
(Fig. 1), that with other components at a constant concentration, the ineuba- 
tion time required to arrive at any arbitrary clotting time of the indicator 
plasma, say 15 seconds, is shorter the greater the concentration of RVV. 

Over the range of RVV concentrations tested, there was also a slight 
difference in the shortest clotting times observed. Those incubation mixtures 
which required an increased incubation time to produce the most rapid clot- 
ting failed to develop as much activity as those mixtures with more RVV, 
where the production of activity was more rapid. Although this change in 
yield might be due to some component of the RVV acting stoichiometrically 
with the beef serum, the difference in yield is probably best ascribed to con- 
comitant destruction of the formed active product. Such a phenomenon has 
been deseribed in the conversion of prothrombin to thrombin."* 

Much greater changes in the yield of active product were observed when 
the concentration of the beef serum was varied (Fig. 2). In these experi- 
ments, maximum activity, which varied sufficiently to give clotting times for 
the same plasma of from 8.5 to 17 seconds, was reached in each incubation 
mixture at approximately the same time. The effect of these changes in serum 
concentration is thus consistent with the hypothesis that beef serum contains 
an inactive clotting factor(s) that can be activated by an enzymatic reaction 
with RVV. 

It is likely that the active component(s) of beef serum is a protein, al- 
though this conclusion rests, at present, only on inactivation of the beef serum 
component by heating to 56° C. and by retention of activity on dialysis. It 
has been shown that RVV can convert proaccelerin to acecelerin,’* and a com- 
ponent of beef serum involved in the reaction we have described could be pro- 
accelerin (factor V). Present evidence is insufficient to establish if proac- 
celerin is involved here. 

The appearance of trace amounts of thrombin in the incubation mixtures 
not containing added prothrombin (Tables I to IIT and Figs. 1 and 2) does 
not seem to be significant in our system, since the addition of even greater 
quantities of thrombin to either the substrate plasma or the complete inecu- 
bation mixture fails to affect the observed end points. 
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The fact that full coagulant activity can develop in mixtures of RVV 
and beef serum in the absence of PE (Table II) indicates clearly that PE does 
not participate in the RVV-beef serum reaction. Nevertheless, there is very 
little conversion of prothrombin to thrombin by the RVV-beef serum product 
unless PE is present (Table IV). The PE would thus seem to be required just 
prior to or during the conversion of prothrombin to thrombin. Tissue throm- 
boplastins do not require additional lipids for the rapid conversion of pro- 
thrombin’; however, perhaps they already contain the necessary phos- 
pholipids. The removal of lipids by aleohol-ether extraction from tissue 
thromboplastins destroys the activity of such preparations." 


It should be noted that when RVV alone, in high concentration, is added to 
reealcified phospholipid-enriched plasma, the clotting times observed are as 
short as those obtained here with the RVV-beef serum product. It is likely 
that the venom, when added to plasma, reacts with factors similar to those 
present in beef serum. We have shown (Fig. 1) that this reaction proceeds 
very rapidly with higher concentrations of the venom. Therefore, if a suf- 
ficient concentration of RVV is added to plasma, the reactions involving the 
RVV cease to be the rate-limiting reactions. 

The identities of the factors in beef serum which are involved in the re- 
action with RVV were not ascertained in the experiments reported here. 
Further work is in progress directed toward identifying, separating, and 
concentrating these factors. 


SUMMARY 

1. The present work offers evidence that Russell’s viper venom (RVV) 
reacts with some nondialyzable, heat-labile components of beef serum to form 
a product which, in the presence of phosphatidyl ethanolamine (PE), greatly 
accelerates the clotting of normal recalcified lipid-poor plasma and partici- 
pates in the conversion of prothrombin to thrombin. 

2. The phospholipid (phosphatidyl ethanolamine) greatly enhances the 
apparent activity of the Russell’s viper venom-beef serum product. The 
presence of the phospholipid during the reaction between venom and beef 
serum, however, is not required. 


3. The role of the Russell’s viper venom may be that of an enzyme, acting 
on some protein component of the beef serum to produce a potent coagulant 
activity. 


4. Further work is in progress to identify the clotting factors with which 
Russell’s viper venom reacts. 
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THE HEMOLYTIC EFFECT OF PRIMAQUINE 
IX. ENZYMATIC ABNORMALITIES IN PRIMAQUINE-SENSITIVE ERYTHROCYTES 
STANLEY L. Scurter, M.D.,* Ropert W. KELLERMEYER, M.D.,* 
Pau. E. Carson, M.D.,** Cuarves E. Ickes, M.T.,*** AND 
Aur S. ALvinc, M.D.**** 
Cuicaco, Iu. 


RYTHROCYTES in approximately 10 per cent of the adult male Negro 

Americans are deficient in glucose-6-phosphate dehydrogenase,’ and _ re- 
duced glutathione,® * yet they have normal life spans unless challenged by a 
hemolytie drug.‘ Aeute intravascular hemolysis results when these indi- 
viduals are given an oral dose of 30 mg. of primaquine base daily.‘ Follow- 
ing an acute hemolysis, the glucose-6-phosphate dehydrogenase of the remain- 
ing erythrocytes does not rise to normal, nor does their reduced glutathione 
content®; nevertheless, these cells are resistant to further hemolysis by con- 


tinuous daily administration of 30 mg. primaquine base® or an equivalent 


dose of a similar hemolytie drug. Many other drugs, and more are being 


discovered, can cause a “primaquine type” hemolysis when given to indi- 


viduals with primaquine-sensitive erythrocytes.t** 

The low reduced glutathione content of primaquine-sensitive erythrocytes 
falls precipitously when drug is given, and this fall precedes the onset of the 
major hemolysis. In vitro studies have implicated reduced glutathione in the 
maintenance of erythrocyte integrity; e.g., the addition of organie mercurials 
or oxidizing agents to stored blood destroys most of the nonprotein sulfhydryl 
groups present and results in hemolysis.’” 


The glutathione reductase in these erythrocytes has been studied,'? under 
optimal concentrations of substrate and coenzyme, prior to hemolysis as 
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ne tSulfanilamide, phenacetin, acetanilid, sulfoxone, nitrofurantoin, naphthalene, and fava 
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well as during hemolysis and recovery since this enzyme keeps most of the 
glutathione reduced according to the following reaction® : 


GSSG 
(1) GSSG + TPNH + H+ 2 GSH TPN’. 
Reductase 


METHODS 


Since the reaction catalyzed by glutathione reductase is irreversible and stoichio- 
metric, its activity ean be assayed by determining the end product GSH.15, 14 


Preparation of Dialyzed Hemolyzate.—1. Heparinized venous blood withdrawn at ap- 
proximately 8 A.M. was centrifuged immediately at 1,800 g at 10° C. for 10 minutes in an 
International PR-2 refrigerated centrifuge. After removal of the plasma and buffy coat, 
the erythrocytes were resuspended in 3 volumes of cold 0.145 M NaCl, shaken well, and 
centrifuged for 15 minutes at 1,800 g at 10° C, The NaCl solution and remaining buffy 
coat were carefully taken off. The washed erythrocytes were transferred to a 125 ml. 
Pyrex glass-stoppered Erlenmeyer flask where they were hemolyzed by freezing and 
thawing 3 times, keeping the hemolyzate below 10° C. at all times. Five volumes of 
distilled water was then added. The mixture was shaken well and centrifuged for 90 
minutes at 25,000 g (8° ©.), The ghost-free supernatant solution was removed, placed in 
Visking cellulose bags (round diameter 28 mm., pore size 24 A.) containing a Kel-F 
marble, and dialyzed at 4° C. with constant motion for 16 to 18 hours against 0.067 M 
phosphate buffer in order to remove glutathione and hexose phosphates, The usual bag 
volume was approximately 35 ml., representing 6 ml. of washed erythrocytes. The buffer 
volume was 2,000 ml. Duplicate hemoglobin determinations were done on each hemolyzate 
before and after dialysis, and the enzyme activities were referred to the hemoglobin con- 
centrations of dialyzate (GSH produced per gram hemoglobin dialyzate). 

2. In studying the effect of daily administration of primaquine on glutathione re- 
ductase in hemolyzates, it was not feasible to perform dialyses each day. The hemolyzate 
for daily assay of glutathione reductase (Fig. 3) was prepared as follows. 

Washed erythrocytes obtained as described above were frozen and thawed 3 times, 
and then 5 volumes of distilled water was added, At this point, 10 mg. of acid-washed 
Norit A was added per milliliter of diluted hemolyzate, and the mixture was shaken for 
10 minutes at 10° C, The hemolyzate was centrifuged for 90 minutes at 25,000 g (8° C.) 
and the resulting supernatant was filtered through a medium sintered glass filter. This 
clear hemolyzate was then assayed for glutathione reductase. The treatment with Norit 
A served to remove all of the GSH and GSSG and had no deleterious effect on the gluta- 
thione reductase activity in the hemolyzate. 


Standard Procedure for Assaying Glutathione Reductase.—Fourteen milliliter reaction 
mixtures in 0.2 M tris buffer, pH 7.4, contained 100 sM EDTA, 10 ~M GSSG, and 12.6 «M 
of TPNH. Aliquots of dialyzed hemolyzate then were added to supply glutathione re- 
duetase, and the reaction mixtures were brought to final volume of 14 ml, with resin- 
treated distilled water. The reaction mixtures were incubated aerobically in a 37° C. 
water bath, and the reactions were stopped by the addition of 10 ml, 4.5 per cent meta- 
phosphate solution. The protein-free filtrates were analyzed for GSH. 


Standard Procedure for Assaying Glucose-6-Phosphate Dehydrogenase and 6-Phospho- 
gluconic Dehydrogenase.—Glucose-6-phosphate dehydrogenase and 6-phosphogluconie dehy- 
drogenase were assayed in coupled systems according to the procedure described by 
Vennesland and Conn.14 Both of these dehydrogenases specifically reduce TPN*. Gluta- 
thione reductase present in the system utilizes the TPNH formed to reduce GSSG to GSH. 

*TPN*+ = triphosphopyridine nucleotide; TPNH = reduced triphosphopyridine nucleotide ; 


G-6-P = glucose-6-phosphate; 6-P-G = 6-phosphogluconate; GSH = reduced glutathione; and 
GSSG = oxidized glutathione. 
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Because the action of glutathione reductase is faster than either of the dehydrogenases, 
the formation of GSH provides a measurement of dehydrogenase activity in the coupled 
system when proper amounts of reactants are used. 

Fourteen milliliter reaction mixtures in 0.07 M tris buffer, pH 7.4, contained 100 4M 
of EDTA, 10 «4M GSSG, 7.5 uM of G-6-P (or 6-P-G), and 0.14 ~M of TPN*. Aliquots of 
dialyzed hemolyzate were addel as a source of glucose-6-phosphate dehydrogenase (or 
6-phosphogluconiec dehydrogenase) and glutathione reductase, The reaction mixtures were 
brought to final volume of 14 ml, with resin-treated distilled water. As before, reactions 
were run aerobically in a 37° C. water bath, and the reactions were stopped by the addi- 
tion of 4.5 per cent metaphosphate solution. Determinations for GSH then were per- 
formed on the protein-free filtrates. 


Electrolytic reduction of appropriate blanks was done to determine the actual 
amount of GSSG available for enzymic reduction. 


MATERIALS 

Buffers.—1. Tris (hydroxymethyl) aminomethane was obtained as Sigma 121." Stock 
0.5 M solutions were prepared and brought to pH 7.4 with 1.0 N HCL. 

2. Phosphate buffer (0.067 M, pH 7.4), used as dialyzing solution, was prepared by 
bringing 15.284 Gm. of Na,HPO, and 3.495 Gm. KH,PO, up to 2,000 ml. of solution with 
resin-treated distilled water, 

Coenzymes.—TPN* and TPNH* were assayed both enzymatically and spectrophoto- 
metrically, Stock aqueous 14 x 10°5 M solutions of TPN* were prepared. The actual 
content of TPNH in the solid varied, Therefore, 7.5 mg. of TPNH was added per milli- 
liter of 0.033 M phosphate buffer pH 8.4 to make approximately a 6.3 «x 10°3 M solution. 
This solution was diluted 1:20 and assayed just prior to its use at 340 my using the ex- 
tinetion coefficient of 6.22 x 106 sq. em./M.15 

Substrates.—Oxidized glutathione was obtained from Schwarz Laboratories, Inc., and 
its purity was checked as previously described.’ Aqueous 0.01 M solutions of GSSG were 
prepared. 


Barium 6-phosphogluconate and sodium glucose-6-phosphate were obtained from the 
Sigma Chemical Company. Both were used as the sodium salt in aqueous 7.5 x 10°3 M 
solutions, 


Chelating Agents.—Use of sodium ethylenediaminetetraacetic acid (EDTA, Versene) 
in the reactions was found necessary for optimum activity.1¢ Stock 0.05 M solutions, 
pH 7.4, were prepared, 


RESULTS 

Glutathione Reductase, Glucose-6-Phosphate Dehydrogenase, and 6-Phos- 
phogluconic Dehydrogenase in Hemolyzates of Primaquine-Sensitive and Nor- 
mal Erythrocytes.—Glutathione reductase, glucose-6-phosphate dehydrogenase, 
and 6-phosphogluconic dehydrogenase were assayed using 1.0 ml. of dialyzed 
hemolyzate as the enzyme source with varying reaction times (Fig. 1). 
Hemolyzates prepared from primaquine-sensitive erythrocytes of 17 individuals 
had invariably increased glutathione reductase. In contrast, the glucose-6- 
phosphate dehydrogenase was decreased as shown previously,’ and the 6-phos- 


phogluconie dehydrogenase had the same activity as hemolyzates of normal 
erythrocytes under these optimal conditions. 


This increase in glutathione reductase in hemolyzates of primaquine- 
sensitive erythrocytes was also found when increasing increments of dialyzed 


*Obtained from the Sigma Chemical Company, St. Louis, Mo, 
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hemolyzates were used as the enzyme source with a fixed reaction time of 15 
minutes (Fig. 2). From the initial straight-line portion of these representative 
cllrves, where enzyme activity is maximal, it can be seen that hemolyzates of 
primaquine-sensitive erythrocytes have 1.5 to 2 times as much glutathione 
reductase, but only 4% to 4» as much glucose-6-phosphate dehydrogenase, as 
do hemolyzates of normal erythrocytes, 


6.0 - GLUTATHIONE REDUCTASE 
| 


6-PHOSPHOGLUCONIC GLUCOSE - 6- PHOSPHATE 
DEHYDROGENASE DEHYDROGENASE 


ENZYME ACTIVITY 
mam GSSG reduced to GSH 


| 


60 
TIME IN MINUTES 


Fig. 1.—Time studies of glutathione reductase, 6-phosphogluconic dehydrogenase, and 
glucose-6-phosphate dehydrogenase in hemolyzates of primaquine-sensitive erythrocytes 
(c)}———(1) and normal (@----¢) erythrocytes, using 1.0 ml. of dialyzed hemolyzate and 
varying the reaction times. In studies of glutathione reductase and glucose-6-phosphate 
dehydrogenase, GSSG was the limiting reactant, while 6-PG was the limiting factor in the 
6-phosphogluconic dehydrogenase reactions. 
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Fig. 2.—Comparison of glutathione reductase and glucose-6-phosphate dehydrogenase 
using increasing amounts of hemolyzates of primaquine-sensitive erythrocytes (() O) and 


normal erythrocytes (@----@¢). In these experiments, the 14 ml. reaction mixtures contained 
13 «4M GSSG and were incubated for 15 minutes. 


The Effect of Primaquine on Glutathione Reductase of Hemolyzates.—The 
glutathione reductase in hemolyzates (prepared by treatment with acid-washed 
Norit A) from primaquine-sensitive and normal individuals was determined 
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each morning during a period of daily oral administration of 30 mg. primaquine 
base (Fig. 3). There was no change in the glutathione reductase in hemolyzates 
of either normal or primaquine-sensitive erythrocytes during this period. 
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Fig. 3.—Effect of primaquine administration on glutathione reductase in hemolyzates, 
GSH content of erythrocytes, and hematocrit in a primaquine-sensitive and a normal individual. 
To assay for glutathione reductase in these experiments, 14 ml. reaction mixtures containing 
1.0 ml. of Norit-treated hemolyzate and 13 ~M of GSSG were incubated for 15 minutes at 37° G 


DISCUSSION 
A. In a previous communication from this laboratory it was reported that 
the glucose-6-phosphate dehydrogenase in hemolyzates of primaquine-sensitive 
erythrocytes was markedly decreased, whereas the 6-phosphogluconie dehydro- 
genase and the glutathione reductase were normal.’ Subsequent investigation of 
these reactions at 37° C. has shown that maximal enzyme activity oceurs with 
a sixfold increase in substrate, GSSG, and a corresponding increase in the 
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coenzyme, TPNH. These studies revealed that hemolyzates of primaquine- 
sensitive erythrocytes consistently had substantial elevations of glutathione 
reductase in the order of 1.5 to 2 times normal, Our previous finding that 
glucose-6-phosphate dehydrogenase in primaquine-sensitive erythrocytes is 
markedly deficient, in the order of % to 4%» of normal, has been confirmed.* 
Because the deficiency of glucose-6-phosphate dehydrogenase is several fold 
greater (Fig. 2) than the increase in glutathione reductase in primaquine- 
sensitive erythrocytes, we have postulated that the deficiency of glucose-6- 
phosphate dehydrogenase is the primary enzymic abnormality. 


This increase in glutathione reductase may be a factor enabling the 
primaquine-sensitive erythrocyte to complete a normal life span under usual 
conditions; however, apparently it is not sufficient to protect the cell from 
hemolysis when it is exposed to the in vivo action of the hemolytie drug. 


B. There are now 3 known biochemical abnormalities in primaquine- 
sensitive erythrocytes: (1) low GSH but normal GSSG content’; (2) deficient 
glucose-6-phosphate dehydrogenase; and (3) inereased glutathione reductase. 
On the basis of the two known functions of glutathione reductase we have pro- 
posed two means by which increased glutathione reductase may partially com- 


pensate for the decrease in both glucose-6-phosphate dehydrogenase and reduced 
glutathione. 


In our studies of hemolyzates, glutathione reductase rapidly oxidizes TPNH 
to TPN* (Reaction 1). TPN* is reduced to TPNH by glueose-6-phosphate 
dehydrogenase and 6-phosphogluconiec dehydrogenase (Reactions 2 and 3) 
which suecessively catalyze the oxidative reactions in the hexosemonophos- 
phate shunt. 


G-6-P 
(2) G-6-P + TPN* —> 6-P-G + TPNH + H* 
Dehydrogenase 


6-P-G 


‘3) 6-P-G + TPN* +> Pentose phosphate + CO, + TPNH + H* 
Dehydrogenase 


The hexosemonophosphate shunt is a TPN* dependent pathway of direct 
glucose oxidation which is probably active in the mature human erythrocyte."’ 

It is postulated that inereased glutathione reductase may partially com- 
pensate for deficient glucose-6-phosphate dehydrogenase by regenerating the 
available coenzyme, TPN*, at a rate that may allow the deficient enzyme to 
work more effectivelyt by mass action law (Reaction 2). A similar explanation 


has been proposed for the pyruvate stimulation of the hexosemonophosphate 
shunt.** 


*The deficiency of glucose-6-phosphate dehydrogenase was also confirmed by Dr. E. 8S. G. 
Barron using hemolyzates and whole red blood cells as the source of this enzyme in experiments 
with the Warburg apparatus.” 

Theoretically, also, excess glutathione reductase could deplete erythrocytes of TPNH, a 


Saver: essential for reductive bio-synthetic processes, and, thereby, exert a detrimental 
ect. 
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Reduced glutathione has been shown to protect or activate certain sulfhydry] 
enzymes and proteins,*” ** and this may account for the importance of GSH 
in maintaining the integrity of the erythrocyte.” '' During cellular activity, 
iSH may be oxidized either enzymatically’ ** *? or nonenzymatically*® to 
GSSG. Glutathione reductase then reduces the GSSG formed. Increased 
glutathione reductase may thereby make more GSH available to essential 
sulfhydryl enzymes and proteins in the GSH deficient erythrocyte. 


C. In mammalian tissues the distribution of glutathione reductase seems 
to parallel that of enzymes of the hexosemonophosphate shunt.2* *° Increased 
glutathione reductase in cells deficient in the initial enzyme of the hexosemono- 
phosphate shunt is additional suggestive evidence of the dependent relation- 
ship between the two systems. It seems likely that glutathione reductase acts 
as the electron transporting enzyme for the hexosemonophosphate shunt in the 
human erythrocyte. 

D. Administration of primaquine does not appear to affect glutathione re- 
ductase in hemolyzates of either normal or primaquine-sensitive erythrocytes 
since the enzyme was unchanged during primaquine-induced hemolysis and 
recovery (Fig. 3). This absence of change in glutathione reductase indicates 
that it is not the site of hemolytie drug action, nor is it primarily concerned 
in the mechanism by which primaquine-sensitive erythrocytes become resistant 
to continued administration of the same dose of hemolytic drug. 


SUMMARY 


1. Hemolyzates of primaquine-sensitive erythrocytes have 1.5 to 2 times 
as much glutathione reductase as do hemolyzates of normal erythrocytes. In 
contrast, primaquine-sensitive erythrocytes have normal amounts of 6-phospho- 
gluconic dehydrogenase, but only % to %» normal amounts of glucose-6- 
phosphate dehydrogenase. 

2. Because the deficiency in glucose-6-phosphate dehydrogenase is several 
fold greater than the increase in glutathione reductase, it is postulated that the 
deficiency of glucose-6-phosphate dehydrogenase is the primary enzymie ab- 
normality in primaquine-sensitive erythrocytes, and that increased glutathione 
reductase represents an attempt by these erythrocytes to compensate for 
deficiencies in glucose-6-phosphate dehydrogenase and GSH by: (1) providing 
greater availability of the obligatory coenzyme, TPN’, and allowing the deficient 
glucose-6-phosphate dehydrogenase to work at its maximum rate, and (2) re- 
generating GSH more efficiently after its oxidation is brought about in the 
erythrocyte, thereby partly overcoming the deficiency in GSH. 

As yet, we have been unable to determine which, if either, of these pro- 
posed compensatory actions is actually operative. 

3. Oral primaquine administration does not affect glutathione reductase in 
hemolyzates of either normal or primaquine-sensitive erythrocytes. Therefore, 
the primary site of action of the hemolytic agent must lie elsewhere. 

4. Primaquine-sensitive erythrocytes, deficient in GSH and _ glucose-6- 
phosphate dehydrogenase, have normal life spans unless they are challenged by 
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hemolytic drug. Increased glutathione reductase and other undiseovered ab- 
normalities may help maintain the integrity of the erythrocytes in the face of 
continuously existing deficiencies. 

We believe that further abnormalities of enzymes, coenzymes, and sub- 
strates will be shown to exist in this condition as manifestations of deficiencies 
and compensatory responses. Our present studies concern the search for these 
abnormalities. 


The advice and interest of Dr. Birgit Vennesland is gratefully acknowledged, 
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A METHOD FOR MEASURING THE TURNOVER OF FLUID IN THE 
PLEURAL AND OTHER SEROUS CAVITIES 

A. S. V. Burcen, M.B., M.R.C.P., anp P. B. Stewart, D.F.C., M.B., M.R.C.P.* 

MontTREAL, CANADA 


HERE is very little quantitative data on rates of turnover of fluid in the 

serous cavities. Starling and Tubby’ measured the net changes of volume 
in pleural cavity after introduction of a known quantity of fluid at intervals 
of up to 6 hours. Courtice and Simmonds® were able to obtain additional in- 
formation by labeling the albumin with T1824 of the plasma injected into 
the pleural cavity of cats and rabbits and measuring the concentrations of this 
labeled protein in the cireulation and lymphatic channels. 

This paper describes an adaptation of the method of Courtice and Sim- 
monds which yields quantitative information on the movement of fluid in the 
pleural cavity of unanesthetized animals. An illustration of the use of the 
method in the dog’s pleural cavity will be given. The method appears to be 
directly applicable to studies on other serous cavities. 


THEORY 


The methods used in the present experiments to follow the movement of pleural fluid 
stems from the observation of Courtice and Simmonds? that labeled protein introduced into 
the pleural cavity is removed exclusively by the lymphaties. This conclusion was based 
on: (1) the failure of plasma labeled with T1824 to enter the circulating blood from the 
pleural cavity after the thoracic and right lymphatic duct had been ligated and (2) the 
high concentrations of dye found in the lymphaties when they were cannulated. Assuming 
that this holds true in dogs, the removal of the labeled protein from the pleural cavity 
would be a measure of the volume of flow in the lymphatic vessels, hereafter called the 
lymphatic flow. If the concentration of labeled protein in the fluid entering the lymphatics 
were known, the lymphatic flow could readily be calculated. The fluid entering the lym- 
phaties is derived from the pleural fluid, and the question at issue is whether the pleural 
fluid is subjected to any ultrafiltration while entering the lymphatic capillaries. This 
would cause the concentration of the protein that entered the lymphatics to be different 
from that in the pleural fluid. It must be emphasized that subsequent concentration 
changes in the lymph channels do not introduce any error in the method adopted here, 
provided that all the labeled protein absorbed from the pleural cavity reaches the circu- 
lating blood plasma, The evidence against ultrafiltration by the pleural lymphatic capil- 
laries is, first, that large particles such as red and white blood cells readily leave the 
pleural cavity in the lymphatics. Indeed, it will be shown that the rate of absorption of 
reticulocytes is not appreciably different from that of labeled protein.® It is hardly con- 
ceivable that openings permitting the free entry of cells of 5 to 10 mw could have a sieving 
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effect on proteins with a maximum axial diameter of little more than a thousandth of this 
size. Second, if the lymphatic capillaries were the site of ultrafiltration, it is difficult to 
see how the force could be provided to draw fluid into the lymphatics from the pleural 
cavity against the partial osmotie pressure created by the holdback of proteins. This 
foree would necessitate a pressure considerably lower in the lymphatics than in the pleural 
cavity. No evidence exists that this occurs, and, in any case, since the lymphatics are 
not rigid such a pressure difference could not be established. Third, in the methods to be 
described, the lymphatie flow from the pleural cavity and the fluid entry to the pleural 
cavity directly from the blood are assessed independently. From these measurements the 
total changes in the volume of pleural fluid over a period of 6 to 10 hours can be caleu- 
lated. The caleulated volume of pleural fluid present at the end of an experiment and 
that obtained by direct measurement during life, or after killing the dog, was found to be 
in close agreement by the method of dilution. Fluid was always found in both pleural 
cavities in approximately equal amounts at the end of an experiment, though it had been 
put initially into one or other cavity. The concentration of label was the same on both 
sides showing that functionally the pleural cavities behave as a single unit. The lymphatic 
flow which is measured by our method is thus from both pleural cavities. 

If sieving of protein was a feature of lymphatic drainage, the calculated volume 
would be consistently in error by an amount dictated by the “reflectivity coefficient” of 
the membrane* as compared with the volume measured directly. 

Finaliy, there is much evidence5 that the lymphatie system is adapted for the very 
purpose of removing large molecular weight substances, particulate matter, and cells. 

We can assume, therefore, that the concentration of labeled protein entering the 
pleural lymphatics is the same as that in the pleural fluid. 

As there is no appreciable loss of the label (T1824 or I'51) from the body over the 
period of the experiments, the amount of label originally introduced into the pleural cavity 
is divided between that remaining in the pleural cavity and the amount that has become 
extrapleural. When the label is discharged from the lymphatics into the blood, it cireu- 
lates in the plasma and slowly leaks out into the extravascular space. The plasma volume 
and rate of loss of the protein label into the extravascular space can be measured after 
intravenous injection of the label. For short periods this rate of loss of label into the 
extravascular space is linear with time. We have confirmed that T1824 and I'51 albumin 
give identical values for plasma volume and also, over the period of time relevant to our 
experiments, the same rate of loss into extravascular space. We may, therefore, determine 
all our parameters simultaneously, using one label (1151 albumin) in the pleural cavity 
and a second (T1824) for determination of the plasma volume and the rate of extravascular 
loss of pleural label. 

To measure the lymphatic flow from the pleural cavity, we need to know the concen- 
tration of the label in the pleural fluid and the amount of label which is extrapleural. 

The amount of extrapleural label (Qep) is given by 

x 
Qep = PV (Cp + a § Cp: dt) (1) 
where PV = plasma volume; C, = plasma concentration of pleural label; a — the frac- 
tion of intravenous label leaving the plasma and entering the extravascular space per unit 
time. 

The validity of this equation has been tested by direct measurement of the amount of 
label remaining in the pleural cavity at the end of an experiment. This amount when 
subtracted from the amount originally injected gives the actual amount of label which has 
become extrapleural and has agreed closely with the calculated figure. 


The lymphatie flow ae is, therefore: 


1 dQep 
Cpl 
where Cpl = pleural label concentration in pleural fluid. 
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The volume of pleural fluid (Vpl) at any time is given by 
Qpl 
Vpl = Cpl (3) 
where Qpl = quantity of pleural label in the pleural fluid. 
Differentiating equation 3, 
dVpl Qpl/Cpl 1 dQpl Qpl = dC pl 
The rate of change of pleural volume with time old a is composed of the algebraic sum 
of two components: (1) the rate of unidirectional loss of fluid through the valved lymphatics 
= (i.e., the lymphatic flow) and (2) the rate of direct movement of fluid between blood and 


pleural cavity. This may be from pleural cavity into the blood or in the opposite direction 


dVNL 
and may be designated —j; (nonlymphatie flow). 


The convention is thus established of giving bh a positive sign if it represents a 
movement of fluid into the pleural cavity from the blood and a negative sign when it represents 
movement of fluid out of the pleural cavity into the blood. 

Rearranging equation 5, 


dVpl 
(6) 
and substituting equation 4 in equation 6, 
dVNL | 1 dQpl = dVu Qpl dCpl a 
ae * ae) Ope 7) 
Since the loss of label from the pleural cavity is accomplished by a simultaneous and equal 
increase in extrapleural label (Qep), then 


dQpl dQe 
(8) 
Multiplying both sides of equation 8 by ay we obtain: 
1 dQpl 1 dQep 
Since in equation (2) i = Gpl "dt? then, substituting this in equation 9, 
1 dQpl dV. 
The left hand side of this is one of the terms inside the bracket in equation 7 which, therefore, 


becomes | + 


at “dt 2S 
Therefore, the nonlymphatie flow is given by 
aVNL Qpl dCpl 
(10) 


aVNL 
The magnitude of .v? depends mainly on the rate of change of the pleural label con- 
INL 
centration. If this concentration is falling then ait is positive showing a net movement 
of fluid from the blood into the pleural cavity. If the concentration of pleural label does 
aVNL 
not change, then dt — © and there is no net movement between blood and pleural cavity. 
Tw 


NL 
If the concentration of pleural label is rising then : a is negative and the net movement 
of fluid is from the pleural cavity to the blood. 
The rate of lymphatic flow from the pleural cavity, the rate of nonlymphatiec fluid move- 


ment, and the volume of pleural fluid may be measured at any time during the course of an 
experiment by means of these equations. 
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There are three potential sources of error in the above equations. First, we do not usually 
make allowance for the time taken for the labeled protein to traverse the dead space of the 
pleural lymphatics, In the bulk of the experiments the concentration of the labeled protein 
in the pleural fluid is changing slowly and neglecting dead space makes the results of the 
first 1 to 2 hours invalid but introduces only a small error (1 to 4 per cent) in the later ealeu- 
lations. When rapid changes occur in the concentration of the pleural label the error is more 
serious and is allowed for. Second, an error could occur from labeled protein being absorbed 
through the lymphatics into the blood stream and then re-entering the pleural cavity through 
the pleural capillaries. Except in prolonged experiments this is a negligible source of error 
because the usual concentration of the pleural label in the pleural fluid is about 25 times 
higher than its concentration in the plasma. In the more prolonged experiments, the entry 
of the intravenous label used for the plasma volume determination into the pleural cavity, 
may be used to correct for the re-entry of the pleural label. Finally, in experiments where 


rapid fluid transfer occurs, correction must be made for the resulting change in plasma 
volume. 


METHODS 


The experiments were carried out on trained mongrel dogs weighing 12 to 20 kilo- 
grams. The sixth or seventh intercostal space in the posterior axillary line was infiltrated 
with local anesthetic. A 14 8.W.G. needle connected to a water manometer was inserted 
until a fluetuating subatmospheric pressure indicated that the pleural cavity had been 
entered. A catheter was introduced through the needle, which was then withdrawn. The 
eatheter was of fine polyethylene tubing (Clay Adams P.E. 90) with several side open- 
ings made in its terminal 5 em. and was coated with silicone (Beckman Desicote). The 
outer end of the catheter was occluded with a spigot to prevent air from entering the 
pleural cavity. A similar catheter (Clay Adams P.E. 50) introduced through a 17 8.W.G. 
needle was placed in a foreleg vein. Through the chest catheter 10 to 15 ml. per kilogram 


of plasma containing a known amount of T1824 or iodinated!5! bovine albumin was placed 
in the pleural space. 


Collection of Fresh Plasma.—Four-tenths milliliter of a 1 per cent heparin solution 
was put into siliconed cellulose nitrate centrifuge tubes of 50 ml. volume and allowed to 
dry. Blood was collected from the carotid arteries of anesthetized dogs into these tubes, 
through a siliconed polyethylene cannula, and immediately 


centrifuged at 8,000 r.p.m. 
for 5 to 10 minutes in a refrigerated centrifuge. 


The plasma was separated and, after 
adding either T1824 or iodinated!51 bovine albumin, was injected into the pleural cavity 
within 30 minutes of withdrawal from the donor, 

Samples of pleural fluid and blood were obtained at regular intervals and the con- 
centration of the protein label measured. 
lized by dry heat. 
hours before use. 


All apparatus, except the catheters, was steri- 
The catheters were sterilized by immersion in benzalkonium for 24 


T1824 Estimations.—The T1824 was obtained from Warner-Chilcott Laboratories. It 
was estimated in plasma and pleural fluid by the acetone extraction method of Chinard.¢ 
If necessary the extract was diluted with a 3:1 mixture of acetone and 0.9 per cent saline. 
The absorption was read at 620 mug in a Beckman DU spectrophotometer. 


Estimation of Iodinated Albumin.—I51-labeled bovine albumin was prepared for us 


by Charles E. Frosst & Company, Montreal. The average iodination was 1 to 2 atoms 


per molecule and the material was received with a specific activity of 10 we per milligram 
of protein. It was exhaustively dialyzed against 0.9 per cent saline until completely free 
of inorganic iodide. Radioactivity was measured with a mica end-window G.M. tube 
(Tracerlab T.G.C, 2) on 0.2 ml. samples pipetted into aluminum dishes. One drop of 10 
per cent Carbowax 5000 was added to prevent cracking, and the dishes were then dried 


under an infrared lamp. Appropriate corrections were made for self-absorption and radio- 
active decay. 


BURGEN AND STEWART J. Lab. & Clin. Med. 
July, 1958 


4 5 6 


3 
HOURS 


Fig. 1.—Resting unanesthetized dog, 19.1 kilograms. Two hundred and ten milliliters of 
fresh heparinized plasma containing 69.93 mg. of T1824 was injected into the left pleural cavity 
at time zero. 

"y — | concentration of T1824 in pleural fluid. x -x concentration of 
a in ‘ite ulating plasma. Ordinates = milligrams of dye per liter. Abscissas = time in 
ours 


3 
HOURS 


Fig. 2.—The same experiment as Fig. 1. 

Key: Y——7 calculated volume of fluid in the pleural cavity. @- >) = extra- 
pleural label in milligrams calculated from equation 1. Ordinates = (a) milligrams of dye; 
(b) milliliters of fluid. Abscissas = time in hours. (Note: the smoothed data in this and the 
previous figure are not used in calculations.) 
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RESULTS 


Fluid Movement After Intrapleural Injection of Fresh Heparinized Plasma 
in Dogs at Rest—The results of a typical experiment are shown in Figs. 1, 2, 
and 3. In this case 210 ml. of fresh heparinized plasma containing 69.93 mg. 
of T1824 was injected into the pleural cavity of an unanesthetized dog weighing 
19.1 kilograms. It can be seen in Fig. 1 that the concentration of dye in the 
pleural fluid gradually fell from an initial value of 334 mg./L. to 246 mg./L. 
after 6 hours. At the same time the plasma concentration rose to 14.1 mg./L. 
which was only 5.72 per cent of the pleural concentration at this time. The lag 
in the rise in the plasma concentration in the first 114 hours discussed earlier can 
be seen. Fig. 2 shows the amount of extrapleural T1824 (Qep) caleulated by 
equation 1, and the volume of pleural fluid caleulated by equation 3. The volume 
of fluid declined slowly during the course of the experiment. 


E 


2 


3 
HOURS 


‘ig. 3.—The same experiment as Figs. 1 and 2. 


@———-@ = lymphatic flow (S ) calculated from equation 2 smoothed data; 
(2Yxt), Calculated from equation 10, Ordinates milliliters 
per kilogram hour. Abscissas = time in hours. 


) = nonlymphatic flow 


The lymphatic and nonlymphatie flows ecaleulated from equation 2 and 
equation 10 are shown in Fig. 3. In this figure the rates of flow have been 
smoothed. There was a steady lymphatic drainage of 0.63 ml./Kg. hr. which 
was almost compensated for by an entry into the pleural cavity of 0.54 ml./Kg. 
hr, from the blood. Thus, the volume of pleural fluid was decreasing in this 
ease by only 0.09 ml./Kg. hr. 


DISCUSSION 


This method has been extensively used in the study of pleural fluid move- 
ments. Final volumes of pleural fluid caleulated from the equations given 
rarely differed from the volumes actually found by the method of dilution or 
at autopsy by more than 5 per cent. The application of this method to the 
study of effects of various procedures on pleural fluid movements will be de- 
scribed in a subsequent paper.® 
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SUMMARY 


A method is deseribed for measuring quantitatively the movement of fluid 
into and out of the pleural eavity by lymphatie and nonlymphatie channels in 
the unanesthetized dog. The method is applicable to other serous cavities and 
involves measurement of the changes in concentration of a labeled protein both 
in the fluid of the cavity and in the circulating blood plasma, after its injection 
into the cavity. 


We would like to express our thanks to Dr. Hugh E. Burke for many helpful discussions. 
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THE INFLUENCE OF SEDATIVE AGENTS UPON RENAL 
HEMODYNAMICS 
L. Leianton Hitt, M.D., C. W. Dagscuner, Jr., M.D., AND 
JoHN H. Moyer, M.D. 
Houston, TEXAs 


T IS often desirable to use sedative drugs in the preparation of children 

for renal hemodynamic studies. However, no data are available to indi- 
cate the extent to which the commonly employed soporifie agents influence 
renal function in man. 

In 1939, Smith’ stated that studies which involved anesthetic agents and 
surgical procedures were not likely to yield useful information concerning 
the normal physiology of the kidney. Corcoran and Page,’? producing anes- 
thesia by the intraperitoneal administration of pentobarbital sodium, found 
no change in the Diodrast clearance, tubular secretory capacity, or inulin 
clearance in the great majority of their dogs. They did find an inerease in 
arterial blood pressures, however. An occasional dog demonstrated acute 
failure of renal function, suggesting that they were on the threshold of 
toxicity. Glauser and Selkurt,® studying the influence of barbiturates on 
renal function in dogs, noted that while experiments of short duration (1 to 
2 hours) did not significantly affect filtration rate or plasma flow, extended 
periods of study (over 3 hours) under barbiturate sedation were associated 
with reduction in renal plasma flow and tubular excretory capacity for para- 
aminohippurate. Recent studies by Handley and Moyer‘ of renal function in 
dogs following sedation with morphine show a pronounced fall in mean blood 
pressure as well as an abrupt and sustained depression of glomerular filtration 
rate, renal plasma flow, and maximal rate of reabsorption of dextrose by the 
renal tubules. They felt that the proportional decrease in glomerular filtra- 
tion rate, tubular maximum reabsorption of glucose, and renal plasma flow 
indicated that a variable number of nephrons became inactive after morphine 
due to renal vasoconstriction. 


Papper and associates,’ in studying the effect of morphine on the exere- 
tion of water and solute in normal adult men, demonstrated a decrease in 
urine flow unaccompanied by a rise in urine osmolarity, but it was associated 
with a decrease in endogenous creatinine clearance and the rate of total 
solute excretion. This would indicate that the decrease in the rate of diuresis 
occurred without evident release of antidiuretic hormone. 
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GLOMERULAR 


TABLE Tue INFLUENCE OF SEDATIVE DruGs 


DEGREE OF MEAN BLOOD FILTRATION RATEt 


SUBJECT | DRUG DOSE SEDATION * PRESSURE MIN. ) 


INITIAL A. | | D, | D, Ro 


Meperidine Studies 
1. C.8. of 70 151 143 
2. C. B. ‘ 70 : 7 146 113 
3. 0. G. lt 70 92 133 82 
4. D.P. 50 178 167 


119 
139 
118 


Per cent C ry a3 


Phenobarbital Studies 
5 142 126 
113 139 
81 82 
129 135 
120 96 
107 109 
156 147 


Per cent C 
Chloral Hydrate Studies 
12. R.G. 1.15 1,500 
. RBA. 0.82 1,500 
0.69 1,900 ¢ 
5. H. F. 1.06 2,000 87 96 108 
0.64 2,000 q 66 130 
0.95 1,700 I § 5 82 189 195 
0.86 1,750 K ‘ 82 178 122 


122 


101 


Mean 82 133 123 
Per cent C Ot 99 92 


*Key: 1 = drowsy, some dozing; 2 = light ‘sleep most of period; 3 = slept soundly 
tCorrected to 1.738 M.* surface area. 


The present studies were undertaken to determine the influence of 3 seda- 
tive agents (meperidine, chloral hydrate, and phenobarbital) on glomerular 
filtration rate, renal blood flow, water excretion, and the clearance of sodium 
and potassium in children. In addition, the influence of chloral hydrate and 
phenobarbital on tubular exeretory capacity for para-aminohippurate was 
measured. 


MATERIAL AND METHODS 


The subjects selected for study were either convalescent or awaiting elective surgi- 
cal procedures. Their ages ranged from 4 to 13 vears. All were in a state of normal 
hydration and nutrition, Each patient served as his own control (Period C) following 
which the drug to be studied was given. As soon as the subject showed evidence of seda- 
tion, the observations were repeated (Period D,). A third set of observations (Period D,) 
was obtained 30 minutes to one hour after the second study period. The quantity of sedative 
agent administered and the degree of sedation at the time of study are indicated in Table I. 
The degree of sedation was graded from 1 to 4 as indicated in the key to Table I. 

The details of clearance technique used in this laboratory have been described previ- 
ously.6 Glomerular filtration rate was measured by the clearance of inulin and renal 
plasma flow by the low-level clearance of sodium para-aminohippurate, Tubular excretory 
capacity was measured by the high-level excretion of para-aminohippurate, Sodium and 
potassium were determined using a Beckman DU flame photometer, Mean blood pressure 
was calculated as the diastolic plus one-third of the pulse pressure. 
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164 
86 
95 
06 
i 95 
182 
121 
169 
112 
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ON RENAL HEMODYNAMICS IN CHILDREN 


EFFECTIVE RENAL | WATER | CLEARANCE CLEARANCE 
BLOODt FLOW EXCRETION POTASSIUM t SODIUMt 


1,062 
1,126 
1,681 
1,876 


(C.C./MIN, ) (C.C./MIN, ) (C.C./MIN, ) (C.C./MIN. ) Tm PAHt 


989 984 2 21 7 10 

816 991 

788 1,105 

1,457 


(1,436 1,012 1,026 «15 


70 71 


1,884 
1,141 

645 
1,182 


“7,213 1,157 


1,341 
1,226 

855 
1,403 


1,764 1,695 
1,102 942 

605 570 
1,158 671 


ann 


95 


1,130 
1,020 
652 
1,485 1,165 


1,206 1,072 


89 


RESULTS 
Reference to Table I reveals that none of the sedative drugs studied had 
any significant or consistent influence upon the mean blood pressure. There 
were also no significant changes in pulse rate. The effective renal blood flow 
was moderately decreased by all 3 soporifie agents, but not as much by pheno- 
barbital and chloral hydrate as by meperidine. While no significant changes 
in glomerular filtration rate were observed, there was a modest and consistent 
reduction following meperidine sedation. The rate of water excretion was 
extremely variable. Following meperidine sedation, 3 of the 4 patients showed 
a marked reduction in the rate of water excretion while 1 demonstrated no 
change. Phenobarbital did not appear to influence the rate of water exeretion 
to any significant degree while there was an apparent inerease in the rate of 
water excretion following chloral hydrate. The clearance of potassium was 
significantly reduced (Period D,) by both meperidine and phenobarbital and 
showed little tendency to recover (D,) during the period of observation. The 
clearance of potassium was not influenced by chloral hydrate. Although the 
clearance of sodium was not significantly influenced by any of the sedative 
agents studied, the changes noted were less with chloral hydrate and pheno- 

barbital and greater following meperidine. 


127 
| ti‘;iséséd” 40 80 46 46 60 60 
15 20 22 1.8 
10 5 22 #15 12 
7 7 10 20 138 
3 3 75 54 60 
3 1 7 35 37 31 
3 11 81 71 
7 8 15 14 14 17 16 64. +54 
80 114 68 64 121 114 89 84 
16 12 22 «24 
13 2 18 21 15 0.7 
1 10 26 8 0.7 05 
4 25 «26 9 40 19 
6 13 3 101 «61 
4 12 18 % 78 78 
= 186 229 84 107 71 «(84 
responded minimally to painful stimull, 
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The maximal tubular exeretory capacity for para-aminohippurate was 
reduced in patients sedated with both chloral hydrate and phenobarbital, but 
to a lesser extent in the patients sedated with phenobarbital. 


DISCUSSION 


On the basis of the data obtained, it would appear that in the usual so- 
porifie doses chloral hydrate, phenobarbital, and meperidine are all satisfae- 
tory agents for the preparation of children for studies of gross renal function. 
However, individual variations in responsiveness are marked and may in- 
fluence the interpretation of the patient’s renal status when definitive and 
precise information is desired. The soporific effect of all 3 drugs is approxi- 
mately similar; however, the tendency for meperidine to reduce water and 
electrolyte excretion and renal blood flow makes it the least desirable of the 
3 drugs studied. The depression of tubular excretory capacity appeared to be 
more marked following chloral hydrate sedation than after phenobarbital 
sedation. Although the changes in renal function following the administra- 
tion of soporifie agents as noted in these studies are generally not marked, 
they demonstrate a factor which must be considered in the evaluation of renal 
function studies. 
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A NEW TECHNIQUE FOR SIMULTANEOUS ESTIMATION OF TOTAL 
BODY WATER AND TOTAL EXCHANGEABLE BODY SODIUM 
USING RADIOACTIVE TRACERS 
THE RESULTS IN 13 NoRMAL MEN 


Joun A. D. Coorrer, Pa.D., M.D., Norman S. Rapin, Pu.D., AnD 
Craig Borven, M.D. 
Cricaco, IL, 


With THE TECHNICAL ASSISTANCE OF BeveRLy A. Brown, B.S., AND 
BarBara N. Roecker, B.A. 


N STUDIES on fluid and electrolyte metabolism it is frequently desirable, 

particularly in disease states, to measure total body water (TBW) and total 
exchangeable body sodium (TEBS) simultaneously. Tritium water (HTO) 
has many advantages for estimation of TBW' and the availability of reliable 
liquid seintillation counters makes the assay of this radioisotope of hydrogen 
feasible. Previously published methods using liquid seintillation techniques 
have certain disadvantages* * and do not permit direct measurement of HTO 
in the presence of radiosodium.** 


In the present report an improved method is described for simultaneously 
measuring TBW using HTO and TEBS using long-lived radiosodium. The 
values obtained with this method in 13 normal men are given. 


METHODS 


A solution containing 300 we of HTO and 1.25 ye of Na22 Cl per milliliter was prepared 
in multiple dose ampules and sterilized by autoclaving. Two milliliters of the solution was 
administered intravenously with a syringe, calibrated to contain and not to deliver. The 
syringe was rinsed 3 times with the patient’s blood after the injection and before remov- 
ing the needle from the vein. 

In 24 hours a 30 ml. specimen of blood was drawn; 10 ml. was discharged into a bot- 
tle containing balanced oxalate for HTO determination and the remainder was delivered 
into a test tube and permitted to clot for serum sodium determinations. A 24-hour urine 
sample was collected to permit estimation of urinary excretion of HTO and Na22, The 
amount excreted in the urine was subtracted from the calibrated tracer dose of HTO 
and Na22 injected in estimating the total radioactivity in the body. 


Tritium Assay.—Three milliliters of plasma, prepared from the oxalated blood, were 
pipetted into a 50 ml. flask, which was closed with a rubber stopper and frozen in a thin 
shell, The flask was attached to a collecting V-shaped tube, the angle of which was immersed 
in a mixture of solid CO, and isopropanol and connected to a vacuum manifold (Fig. 1). 
The water was transferred to the collecting tube by sublimation in a period of 2 to 3 hours. 


From the Radioisotope and Medical Services, Veterans Administration Research Hos- 
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The collecting tube was removed, stoppered, and permitted to warm up to room temperature. 
Three milliliter samples of urine and of a diluted sample of the administered solution 
(diluted 1:1,000 for convenience in counting) were treated in an identical fashion. 


Fig. 1.—Apparatus used for lyophilization of plasma and urine for estimation of TBW 
using HTO, A, Flask in which sample is frozen. B, V-shaped collecting tube which is partially 
immersed in solid CO:-isopropanol mixture in Dewar flask (C). D, Manifold connected to 
vacuum pump through trap immersed in solid CO:s-isopropanol. 


Duplicate 1 ml. samples of the water obtained from the plasma, urine, and the admin- 
istered solution were measured into 2.5 ounce counting bottles* and 49 ml. of a scintilla- 


tion solutiont was added, The samples were counted, after cooling at least 4 hours, in a 
liquid seintillation counter at about 11° C. A blank containing 1 ml, of distilled water 
and 49 ml. of the scintillation solution was used for background determination, The TBW 
was calculated from the data obtained as follows: 


Yee total counts injeeted — Total counts in 24-hour urine 

TBW in liters = —————~Sounts per ml. of plasma water x 1,000 

Other Methods.—Radiosodium content of the injected solution, serum, and urine was 

estimated with a well scintillation counter and pulse height selector combination. The 

sodium concentration in serum was measured with a flame photometer, The TEBS was 

calculated from the radioactivity of the serum samples and the serum sodium concentration 
as follows: 

total counts injected — total counts in 24-hour urine 


TEBS in equivalents - 
TEBS in equivalent counts per ml. serum x 1,000 


Eq. of sodium per liter of serum 


The total body fat was estimated in the following manner. Skin fold thicknesses 
were measured in the midaxillary line at the level of the xiphoid (X,), at the chest in the 
juxtanipple position (X,), and on the dorsum of the arm at the midpoint between the tip 


*Hazel-Atlas No. 3296, Crown Glass Co., Chicago, Ill. 
tThree grams diphenyloxazole, 270 ml. absolute ethanol, 730 ml. toluene. 
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of the acromion and the tip of the olecranon (X,), using calipers designed by the Army 
Medical Nutrition Laboratory.4 The measurements were used to estimate body density 
(vy) from the regression formula of Pascale, Grossman, and Sloane:5 


y = 1.08012 — 0.007123X, — 0.00483X, — 0.005513X,. 
The per cent body fat (F) was then calculated by the equation of Keys and Brozeké: 
4.201 
Density 


yr = 3.813. 


The estimated total body fat was then subtracted from the total body weight to obtain 
fat-free weight and permit caleulation of TBW per kilogram of fat-free weight. 


RESULTS 

No detectable fractionation of HTO and H.O oceurred during the sub- 
limation of water from plasma. To assess the extent of fractionation of HTO 
and H,O during sublimation, a stock solution of HTO was prepared. <A por- 
tion of the stock solution was used to reconstitute lyophilized nonradioactive 
serum and the resulting solution lyophilized. Aliquots of the water were 
obtained at approximately half-completion of the transfer and at the com- 
pletion of sublimation. Statistically, comparison of the activities of these 
samples with samples of the original stock water solution by the “F test” 
revealed that there was no significant difference between the values obtained 
for the two groups. It is possible that water transfer occurs during 
lyophilization only from the surface of the frozen plasma, thus preventing 
differential vaporization of HTO and H.O. No entrainment of radiosodium 


during sublimation of water from a sample of plasma containing an activity 
of radiosodium ten times that expected during the measurement of TEBS 
could be demonstrated by counting samples of the distillate in the well 
scintillation counter. 


The counting jars used were remarkably uniform and, in testing a large 
number with a stock scintillation system, variation due to difference in the 
jars was less than 2 per cent of the count. More expensive thin-walled vials 
of 20 ml. capacity showed variations under the same conditions of as much 
as & per cent. 

The variation in efficiency of the counting cireuit, even when using the 
balance point technique of Arnold,’ introduced considerable error in estima- 
tion of total body water. The low beta particle energy (Eg = 5.69 Kev.) places 
high requirements on the photomultiplier and electronic circuits. Correction 
for change in efficiency was made by counting a sealed high activity standard 
tritium reference sample (containing approximately 15,000 counts per minute 
per ml.) between each unknown sample. The ratio of the average activity of 
the reference samples which bracket the unknown to a standard activity 
chosen for the reference sample served to correct for variations occurring dur- 
ing the time interval required for counting all the samples from a given study. 

No significant change in the specific activity of the plasma water or 
serum sodium followed storage of samples in well-stoppered tubes in the 
frozen state, or of lyophilized samples of plasma water, for 7 days. 
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In order to estimate the error of measurement of tritium activity in 
plasma, HTO was added to a large sample of pooled plasma and 5 separate 
lyophilizations were carried out on samples from the pool. The water col- 
lected from each lyophilization was used to prepare two samples for count- 
ing. All activities were corrected for variation in efficiency of the counter. 
The average value obtained was 118,491 ¢.p.m. for each milliliter of plasma 
water, with a standard deviation of the individual estimations of +1,781 and a 
coefficient of variation of 1.5 per cent. 


Estimation of tritium activity in 5 samples of the same plasma pool, by 
the method of Langham and co-workers,? gave an average value of 88,910 
e.p.m, per milliliter of plasma water, assuming that plasma is 92 per cent 
water, with a standard deviation of +1,305 and a coefficient of variation of 1.6 
per cent. The lower counting rate is the result of the smaller sample of plasma 
water counted and the lower efficiency of the Langham method. 


To study the effect of plasma from patients with a variety of diseases on 
the activity of a standard quantity of tritium in the Langham technique, a 
sample of HTO was added to the 10 per cent TCA used in precipitating the 
protein. Since the same amount of the TCA solution was added to each 
sample, the same activity would be anticipated. The average values obtained 
in duplicate determinations on each sample are given in Table I. 


TABLE I 


DIAGNOSIS _ = 


~ | AVERAGE ©.P.M./ML. PLASMA WATER 
Viral hepatitis (ieterie plasma ) 1,016 
Nephrosis (lipemic and hypoproteinemie plasma) 993 
Hemolytic anemia (icteric plasma) 969 


Normal plasma 972 


The coefficient of variation for this group of samples was 2.1 per cent, 
which is greater than that observed for replicates of a single sample of 
plasma. This suggests that differences in plasmas contribute to error in 
estimation of HTO, although the greater coefficient of variation may be at- 
tributable in part to the error introduced by an additional pipetting of TCA 
containing the tritium. 

Previous work has shown that the apparent size of the exchangeable 
body sodium pool becomes fairly constant 18 hours after injection of a tracer 
dose of radiosodium.*:* Subsequent exchange takes place at an extremely 
slow rate, making it possible to use a single sample of blood taken at 24 hours 
to estimate TEBS. 

The validity of using the results obtained from a single sample of blood 
drawn 24 hours following injection of tritium to estimate TBW along with 
TEBS was tested in 9 patients with minor illnesses. Samples of blood were 
obtained at 3, 5, 7, and 24 hours for estimation of the TBW. The apparent 
TBW ecaleulated at each sample period was plotted against time, using semi- 
log paper. The points fell on a straight line which was extrapolated to obtain 
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an apparent value for TBW at zero time. Two examples are shown in Fig. 2. 
For the 9 patients, the average apparent increase in TBW over the ex- 
trapolated value was 0.7 per cent at 3 hours, 1.6 per cent at 5 hours, 2.5 per 
cent at 7 hours, and 3.9 per cent at 24 hours. Excretion of HTO in the urine, 
for which a correction was not made in this series, would account for most of 
the apparent increase. (For 13 normal subjects, reported below, the aver- 
age 24-hour urinary exeretion was 2.9 + 1.5 per cent of the injected dose of 
tritium.) 


2 


LITERS OF BooY WATER 
ic) 


w 


20 24 
TIME IN HOURS 


Fig. 2.—-Calculated TBW as a function of pg B hours after administration of a tracer dose 
0 


The reproducibility of estimating TBW and TEBS in the same individual 
was established by repeating the injection of tracer doses on successive days 
in two subjects. The radioactivity of the sample of plasma obtained 24 hours 
after the first injection furnished the base-line values for the second deter- 
mination. The values obtained are shown in Table II. The largest varia- 
tion in TBW was 1.2 per cent which is within the error of the tritium estima- 
tion. The variation in TEBS was larger (5.9 per cent), but this represents 
only 2.8 Gm. of sodium out of an exchangeable pool of about 24 Gm. 


TasLe IT 


BODY WATER (LITERS ) EXCHANGEABLE Na ( EQUIV.) ; 

SUBJECT DAY 2 DAY 1 | DAY 2 
50.76 3.36 3.16 

39.33 2.46 2.58 


To establish normal values for TBW and TEBS using the methods de- 
scribed, studies were carried out on 13 normal male volunteers whose ages 
ranged from 23 to 49 years. The data are given in Table III. The heights 
varied from 158.8 em, to 185.4 em, and the body weights from 57.1 to 98.6 


July, 1958 


J. Lab. & Clin. Med 


& 
= 
= 
a 
Z 
=- 
a 
= 
of 


F+ 
2°99 


L109 


6 
9°¢9 
COLL 
919 
e119 
60L 
639 
Lag 


606 
9°86 
LG8 
68s 


Gsst 
F'99T 


oes 
96¢ 
639 
sco 
oge 
S89 


92°68 


99 


WAIGOS | 
40 | 
-VALNOGITIIN | 


Wad 


LHOTUM 


| 
WaLVM 
Adod 


LHOTEM 

Wad 

SYaLVM 
| 40 


LHDOIaM | WAIGOS 


LHDIGM 

40 AdOd 

| 40 


LHDIGM 

Yad WOIGOS | WAIGOS | 
40 40 SLNATV 

-VAINOATTIIN | -AINOaITIUN 


LHOWH 


| 


Loardas 


SAN1VA ‘IVNYON 


: 
© 
« 
+ w 
= 
| 
| ore 
‘ 
4 
| 
| 
1} Hraias 
i] | 
| | 
| 
| 
| 
} 
> 


Velome 52 ESTIMATION OF BODY WATER AND EXCHANGEABLE SODIUM 135 


Number 


Kg. Total body fat, estimated from skin fold thickness measurements, varied 
between 10.4 and 21.4 per cent of the total body weight. The TBW ranged 
between 37.50 and 57.17 liters, and the TEBS varied between 2.46 and 3.52 
equivalents. The average TBW was 607 + 47.9 ml. per kilogram of body 
weight and 723 + 34.2 ml. per kilogram of fat-free body weight. The average 
TEBS was 40.5 + 4.3 mEq. per kilogram of total body weight, 48.2 + 3.67 mEq. 
per kilogram of lean body weight, and 66.7 + 4.64 mEq. per liter of TBW. The 
average excretion of radiosodium in the urine for the 24-hour period was 
4.51 + 1.6 per cent of the administered dose with a range of 2.3 to 7.7 


DISCUSSION 

The method for measuring TBW using HTO appears to have acceptable 
accuracy using a tracer dose of 600 ne. The sublimation procedure is simple, 
rapid, and the apparatus used can accommodate a large number of samples. 
The preparation of a pure sample of water from plasma or urine permits di- 
rect calculation of the tritium activity per milliliter of water without assump- 
tions about the water content of these fluids. In addition, it permits the ae- 
curate estimation of tritium in the presence of other radioisotopes. 

The control of variables which introduce errors in the estimation of 
tritium by liquid scintillation counting is necessary to achieve the accuracy 
desired in TBW determinations. The method presented appears to have 
several advantages over the previously described technique of Langham and 
co-workers: it gives a higher counting rate per microcurie of HTO present 
in the plasma, permitting smaller tracer doses to be used; it allows TBW to be 
measured with HTO in the presence of other nonvolatile radioisotopes present 
in plasma; the results are not influenced by variations in protein content, 
fat content, or pigments in the plasma (Table I). 

The estimation of TBW from the results of a single 24-hour sample was 
found to be reasonably accurate. Even without correcting for urinary excre- 
tion, it would introduce an error of less than 25 ml. per kilogram as com- 
pared to an extrapolated value based on the results of multiple samples. (To 
minimize this source of error in establishing normal values, correction for 
urinary excretion of HTO and radiosodium was made.) Reproducibility for 
combined determinations of TBW and TEBS was established on successive 
days in two instances. 

The values for TBW for the group of normal young men studied agree 
with those given in the literature based on isotope dilution methods'’* and 
agree fairly well with some based on antipyrine methods.’*"* They are higher 
than those reported by others using tritium,’® deuterium,’® and antipyrine.'**° 
Differences in sex, nutritional status, and age distribution of the subjects, 
which have been shown to effect total body water content, may account in 
part for such discrepancies.*° '**"** In addition, the antipyrine method 
gives lower values than deuterium or tritium in general because of plasma 
binding of the antipyrine’’ and the small exchange of hydrogen isotopes with 
body constituents.’® 


. 
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The dispersion within the group is less for values of TBW per kilogram of 
fat-free body weight than those based on uncorrected body weights. The 
average value for normal subjects of 723 ml. of water per kilogram of fat-free 
body weight corresponds well with estimates that the total body water is 
about 72 per cent of the fat-free body weight.’ *** This close agreement 
lends validity to the estimation of body fat from skin fold thickness in normal 
adult men. Caleulation of body fat from the TBW, as a proportion of total 
body weight using the formula of Keys and Brozek® gave an average value 
for the group of 14 per cent. This agrees well with the value of 16 per cent 
based on skin fold thickness measurements. It has been pointed out by others 
that these formulations for estimating body fat prebably do not apply when 
a rapid change in body weight or in the state of hydration has occurred.” ° 
The values obtained in the present study for TBS agree closely with 
those previously reported.* * The variation in values for TEBS per kilogram 
of lean body weight is smaller than the value calculated on the basis of total 
body weight. This is probably due to the low content of sodium in adipose 
tissue.** If TEBS is expressed as milliequivalents per liter of TBW, as sug- 
gested by Ikkos" and later by Farber,”° an average value of 66.7 + 4.6 is ob- 
tained. This value is lower than that of 74.7 mEq. of Na per liter of TBW 
obtained by Ikkos and that of 81.3 obtained by Farber. In the former report 
the values for both TBW and TEBS are lower and in the latter the dis- 
crepancy exists only in a lower value for TBW. 


SUMMARY 


1. Methods have been devised for simultaneous measurement of total body 
water (TBW) and total exchangeable body sodium (TEBS), using tritium and 
radiosodium, respectively. Sublimation of the water from frozen plasma or 
urine makes it possible to measure HTO in the presence of other isotopes and 
avoid errors introduced by differences in protein, lipid, and pigment content 
of plasma or urine, 


2. For accurate estimation of HTO by liquid scintillation counting, tem- 
perature of the samples, uniformity of counting bottles, and variations in 
efficiency of the counting system must be carefully controlled. 

3. In 13 normal men the TBW varied between 37.5 and 57.2 liters. The 
average TBW was 61 per cent of the total body weight and 72 per cent of 
the fat-free body weight. The average TEBS was 40.5 + 4.3 mEq. per kilo- 
gram of total body weight, 48.2 + 3.7 mEq. per kilogram of lean body weight, 
and 66.7 + 4.64 mEq. per liter TBW. 
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A REVERSIBLE EFFECT ON THE METABOLISM OF HUMAN 
ERYTHROCYTES BY p-CHLOROMERCURIBENZOIC 
ACID AND N-ETHYL MALEIMIDE 


RayMmonp F. SuHeets, M.D., anp Henry E. Hamivtron, M.D. 
Iowa Crry, IA. 


ULFHYDRYL groups are necessary to maintain the integrity of normal 
human erythrocytes. If these groups are neutralized by sulfhydryl reagents 
such as phenylmercurie chloride’ or p-chloromereuribenzoie acid,’ the cells 
hemolyze in a predictable manner. N-Ethyl maleimide does not cause hemolysis* 
of normal human erythrocytes although it is capable of reacting with the 
sulfhydryl groups of hemolyzed cells. This led us to speculate that the intact 
cell membrane might prevent access of N-ethyl maleimide to the sulfhydryl] 
groups of the cells. These studies were designed to observe the effeet of N-ethy! 
maleimide and p-chloromereuribenzoic acid on another parameter of cell function. 


METHODS 


Preparation of Erythrocytes.—Fresh human blood was placed in a tube that contained 
1 mg. of heparin*® per 5 ml. of whole blood. After centrifugation the plasma, leukocytes and 
platelets were discarded. The erythrocytes were washed 3 times in cool 0.9 per cent saline. 
After the final washing, the cells were left packed and added to a 0.9 per cent sodium 
chloride solution to make a 40 per cent suspension. The suspension was rotated gently in 
an Erlenmeyer flask for 10 minutes to permit complete oxygenation of the hemoglobin. 


Manometric Method.—Three milliliters of an oxygenated suspension of human erythro- 
cytes was pipetted into each Warburg vessel.4 Two-tenths milliliter of 20 per cent KOH 
was placed in the center well. One milliliter of the appropriate concentration of sulfhydryl 
inhibitor or glutathione was placed in the side arm of the flask. The vessel was then 
attached to a Warburg manometer in the usual manner and immersed in a water bath 
maintained at 37° + 0.5° C. The manometers were shaken at a rate of 120 strokes per 
minute. The stopeocks were left open for 15 minutes to permit equilibration, then they 
were closed and the period of observation began. 


Reagents.—N-Ethyl maleimide (NEM) was purchased from Schwarz Laboratories, the 
sodium salt of p-chloromercuribenzoiec acid (PCMB) from Sigma Chemical Co., and gluta- 
thione (GSH) from the Nutritional Biochemical Corporation. Solutions of the appropriate 
reagents were made fresh daily. A 0.9 per cent solution of sodium chloride was used as the 
solvent. When possible, the amount of reagent in a flask was varied in each experiment by 
appropriate dilution of the day’s stock solution with 0.9 per cent sodium chloride solution; 
this decreased the variation from errors in weighing which would occur if each increment 
was weighed individually. 

From the Department of Internal Medicine, College of Medicine, State University of Iowa, 
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RESULTS 

Experiment 1.—The oxygen uptake of fresh normal human erythrocytes 
(Fig. 1) was measured for 60 minutes. As soon as the 60-minute reading was 
recorded, NEM in inereasing increments was rinsed from the side arm into the 
flask. In each side arm, NEM was dissolved in 1 ml. of saline in the following 
amounts: 1, 3, 5, 7, 9, and 11 mg. Subsequent oxygen uptake was abolished 
except for a slight increase in the manometer containing 1 mg. of NEM. There 
was slight hemolysis in the flask with 11 mg. of NEM; the others had none. 


30 60 30 720 780 
MINUTES 
Fig. 1.—The effect of N-ethyl maleimide on the uptake of 3 ml. of a 40 per cent suspension 


of washed erythrocytes in 0.9 per cent sodium chloride solution. The number of milligrams of 
NEM tipped in from the side arm at 60 minutes is shown with the curves, 


Fig. 2.—The effect of p-chloromercuribenzoic acid on the oxygen uptake of 3 ml. of a 40 
per cent suspension of erythrocytes. There was striking evolution of oxygen when the cells 
were treated with PCMB, 

Experiment 2.—PCMB was substituted in this experiment (Fig. 2) for 
NEM as used in Experiment 1. The PCMB was dissolved in 1 ml. of saline 
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in the side arm in the following amounts: 1, 5, 9, 13, 17, and 21 mg. Hemolysis 
was complete in all flasks except those with 1 mg. and 5 mg. where it was 
incomplete. During the 75 minutes after tipping in the PCMB, a gas evolved 
that was not removed by the KOH in the center well. The amount of oxygen 
evolved was greater with higher concentration of the PCMB. 
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Fig. 3.—-PCMB stopped the oxygen uptake of erythrocytes. This action was prevented if 
PCMB was previously neutralized with glutathione. 
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Experiment 3.—A. In this study (Fig. 3) the variations were performed 
in duplicate and the eurves plotted as the average. The control pair of flasks 
contained only erythrocytes in saline. Five milligrams of PCMB was added 
to the erythrocyte suspension in each of two other flasks. In the third pair, 
5 mg. of PCMB which had reacted with an equivalent amount of glutathione for 
10 minutes was added. Equilibration was permitted for 15 minutes before the 
stopeocks were closed. Similar oxygen uptake oceurred in the control flasks 
and in those containing neutralized PCMB. There was no oxygen uptake in 
the flasks containing only PCMB. B. This experiment was similar to 3,A 
except that 5 mg. NEM was substituted for PCMB. Again an equivalent amount 
of GSH was used. NEM prevented oxygen uptake but this effect was neutralized 
by GSH. 

Experiment 4—-NEM was added (Fig. 4) to a saline suspension of eryth- 
rocytes in amounts of 5, 3, 2, 1, and 0.5 mg. per flask 15 minutes before the 
stopeocks were closed. The highest concentration of NEM inhibited all oxygen 
uptake. In the other instances the uptake was indirectly proportional to the 
concentration of NEM. 


Experiment 5.—This experimental system (Fig. 5) was composed of 3 ml. 
of a 40 per cent suspension of erythrocytes in saline and varying quantities of 
iSH. The respective amounts of GSH, 6, 9, 12, 24.6, and 36.9 mg., were dissolved 
in 1 ml. of 0.9 per cent sodium chloride solution and added to the cells 15 minutes 
before the stopeocks were closed. Each was performed in duplicate. 
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The uptake of oxygen was greater in all flasks than in the control except 
for the pair containing 36.9 mg. per flask. The greatest increase occurred with 
12 mg. GSH. The uptake of the pair with 24.6 mg. of GSH was greater than 
the control but less than the pair containing 6 mg. of GSH. An unusual 
amount of hemolysis occurred in those flasks containing 24.6 and 36.9 mg. of 
GSH, 4.5 and 6.4 per cent, respectively. 


60 
MINUTES 


Fig. 4..-NEM in amounts designated on the curves decreased the oxygen uptake of red cells. 
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Fig. 5.—Glutathione increased the oxygen uptake of human erythrocytes. 


Experiment 6.—Since NEM effectively biocks the uptake of oxygen by 
erythrocytes without causing hemolysis, this experiment (Fig. 6) was designed 
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to determine if GSH would reinstitute oxygen uptake of cells. Three milliliters 
of a 40 per cent suspension of erythrocytes was placed in each flask. NEM 
was added directly in 0.5 ml. saline, and 0.5 ml. (12.3 mg.) GSH was placed 
in the side arm so that it could be tipped at intervals. 


MIN OTES 


Fig. 6.—Human red cells were first treated with NEM. The addition of glutathione at inter- 
vals as long as 90 minutes re-established the oxygen uptake in each instance. 

The untreated cells had a normal oxygen uptake. The erythrocytes treated 
with NEM only had no oxygen uptake. Those with GSH only had an uptake 
nearly twice normal. In the other 3 flasks the cells were ineubated in NEM 
for 30, 60, and 90 minutes before GSH was added. The first reading following 
the addition of GSH showed evolution of a gas in the 30- and 60-minute flasks 
but none in the 90-minute one. In all instances the oxygen uptake recovered and 
proceeded at accelerated rates. GSH was present in excess in these studies. 
In other studies where an equimolar amount of GSH was added, the accelerated 
uptake did not oceur. 

The oxygen uptake of erythrocytes treated with PCMB was reactivated 
with an excess of GSH in a similar manner, although hemolysis interfered 
after sufficient time.* 


DISCUSSION 


These studies show that both of these sulfhydryl reagents inhibit the 
oxidative mechanism of the human erthroeyte but only p-chloromereuribenzoie 
acid disrupts its cellular integrity. N-Ethyl maleimide is as effective as 
p-chloromereuribenzoie acid in abolishing the uptake of oxygen yet it does not 
cause hemolysis. It is not clear at the present time whether this metabolic 
effect is mediated through the glutathione reductase,* or some other enzyme 
system. Bruns and Rummel’ found that glutathione and eysteine increased 
the oxygen consumption and carbon dioxide production of erythrocytes. They 
implicated the hexosemonophosphate system of Warburg and Christian. 
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A difference in permeability of the cell to p-chloromereuribenzoie acid and 
N-ethyl maleimide might explain the different hemolytic effeet but not the 
similar metabolie effect. LeFevre® reported that the permeability of human 
erythrocytes to nonelectrolytes was increased by p-chloromereuribenzoie acid as 
well as some other enzyme poisons. No alteration in radioactive phosphorus 
exchange was caused by glutathione and Mg. ** in the studies of Prankerd 
and Altman.’ 

At present, the effeet of N-ethyl maleimide appears to offer interesting 
possibilities for further study because it inhibits a metabolic function of the 
cells without disrupting their integrity. 


SUMMARY 
1. Both p-chloromereuribenzoie acid and N-ethyl maleimide stopped the 
oxygen uptake of human erythrocytes. 
2. In each instance, glutathione reversed the effect. 


3. In eertain concentrations, glutathione increased the oxygen uptake of 
human erythrocytes. 


4. Although both N-ethyl maleimide and p-chloromereuribenzoie acid stop 
the oxygen uptake of human erthrocytes, only the latter caused hemolysis as well. 


We wish to acknowledge the technical assistance of Rodney L. Bidlack, Richard L. King, 
and Helen E. Lemme. 
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LABORATORY METHODS 


A SCREENING TEST FOR THE HEMAGGLUTINATION REACTION 
IN RHEUMATOID ARTHRITIS 


C. A. Meter, M.D., F. Westenvorpe Borrma, Pu.D. 
GRONINGEN, NETHERLANDS 


A SIMPLE sereening test which can be done before the quantitative he- 
magglutination reaction in rheumatoid arthritis is carried out is described 
below. Information in detail about the application of human type O erythro- 
cytes is also presented, 

Wager’ was the first who found that human cells sensitized with the 
homologous rabbit amboceptor in principe can be used for the hemagglutina- 
tion reaction in rheumatoid arthritis. For some years in our laboratory human 
type O cells have been successfully used in this test,? and others have recently 
recommended their use. The greater instability of the human erythrocytes, 
as compared with sheep cells, presented a difficulty which was overcome by 


the use of blood preserved in a glycerol-citrate mixture in a Deepfreeze 
eabinet.*. The use of human type O cells has the obvious advantage of elimi- 
nating the need for absorbtion of the sera with nonsensitized cells. 


MATERIALS AND METHODS 


Human type O blood is collected in an equal volume of modified Alsever’s solution. 

A preserving fluid containing one volume of glycerol and one volume of 6 per cent 
trisodium citrate (dihydric) gave the best results when a Deepfreeze cabinet at -40° C. 
was used. 


Washing Fluids.—Fluids A, B, and C were used containing, respectively, 16, 8, and 4 
per cent of glycerol (w/v) in 3 per cent trisodium citrate. Solution A is obtained by mixing 
65 ml. of glycerol, 185 ml. of distilled water and 250 ml. of 6 per cent trisodium citrate. 
Solution B is made by mixing 32.5 ml. of glycerol, 217.5 ml. of distilled water, and 250 ml. 
of 6 per cent trisodium citrate; for solution C mix 16.25 ml. of glycerol, 233.75 ml. of dis- 
tilled water, and 250 ml. of 6 per cent trisodium citrate. 

The mixture of human blood and Alsever’s solution is kept 1 to 3 days at + 4° C. 
Then it is brought to room temperature and the supernatant fluid is removed and discarded 
by suction and centrifuging. After measuring the volume of erythrocytes, an equal volume 
of the preserving fluid is added slowly, agitating the mixture continuously. Then the mixture 
is divided into small tubes in 3 ml. portions and placed at -40° C., where it can be kept for 
several months. Before use the mixture is thawed and centrifuged. Then the cells are washed 
3 times using washing fluids A, B, and C, respectively, followed by 3 washings in saline. The 
Holl + the Bacteriological and Serological Laboratory, State University of Groningen, 

a. 

for publication Dec. 14, 1957. 
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sensitized suspension is prepared by adding one volume of a suitable dilution of amboceptor 
(see below) to one volume of 1 per cent erythrocyte suspension and allowing the mixture to 
stand for 15 minutes at 37° C. in a water bath. 


Amboceptor.—Rabbits are injected intravenously 8 to 10 times with a 5 per cent human 
type O erythrocyte suspension, giving 2 doses a week: the first week 0.5 ml, and 1 ml. and 
thereafter 2 ml. doses. The rabbit blood is collected one week after the last injection. Fewer 
injections yielded unsuitable amboceptors. The sensitizing amboceptor dilution is experimen- 
tally determined by titrating some positive and some negative sera with cells sensitized with 
different dilutions of the amboceptor. In our hands the optimal concentration appeared to 
lie between 4 and \% of the minimum agglutinating dose. This dose is controlled monthly. 
With our amboceptor it appeared to be unnecessary to inactivate the complement in the pa- 
tient’s sera, Lysis within the given amboceptor dilutions was not observed, Omission of the 
inactivation step proved to be an advantage as fewer nonspecific reactions in low titer were 
now found in sera from healthy persons. Only 4 of 124 (3.2 per cent) of sera from healthy 
persons were found to have a titer of 1:8; higher titers were not seen, with the single ex- 
ception of one serum with a titer 1:128, 


Screening Test.—Slides are divided into 3 parts by paraffin strokes. One drop of pa- 
tient’s serum diluted 1:8 is placed on the slide and mixed with one drop of the sensitized cell 
suspension, thus giving a final serum dilution of 1:16. After 5 minutes of tilting, the result 
is macroscopically read and expressed as follows: - == no agglutination; + — weak aggluti- 
nation; + agglutination; ++ — strong agglutination. 


Quantitative Test.—The sera are serially diluted in saline in 0.5 ml. volumes (1:4, 1:8, 
1:16, ete). To each tube is added 0.5 ml. sensitized cells, the final serum dilutions thus be- 
coming 1:8, 1:16, 1:32, ete. A control tube is added containing 0.5 ml. serum 1:4 and 0.5 ml. 
0.5 per cent nonsensitized cells. A positive serum of known titer is titrated with each group of 
sera to be investigated. The tubes are incubated in a water bath at 37° C. for 2 hours and 
placed in the refrigerator overnight. A titer of 1:8 is considered as doubtful, 1:16 and 
higher as positive. 


RESULTS 


EKight-hundred and four sera received for serologic investigation for 
rheumatic diseases were tested using the slide test as well as the quantitative 
test. The results are given in Table I. 


TABLE I. COMPARISON OF RESULTS OBTAINED WITH SLIDE TEST AND QUANTITATIVE TEST 


NUMBER OF SERA | SLIDE TEST QUANTITATIVE TEST 
550 - 
10 


:32 to 1:128 
1:256 


1:16 
1:32 to 1:4,096 


Of 560 sera negative by the slide test, 10 had a titer of 1:8 in the quan- 
titative test. As this number is small and the titer 1:8 is of doubtful value, 
no great mistake is made when these sera are considered negative. The 
screening test thus answers its purpose in that only the sera positive by the 
slide test have to be titrated. However, we have been somewhat more rigorous 
and have proceeded as follows: sera negative in the slide test are titrated in 
the dilutions 1:8 and 1:16 only, sera + and + are titrated in the dilutions 1:8 
to 1:256, sera ++ in the slide test are titrated in the dilutions 1:8 to 1:4,096., 


24 
37 1:8 to 1:16 
14 1 
62 1 
2 + 
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DISCUSSION 

The advantage of a screening test for the hemagglutination reaction in rheu- 
matoid arthritis is obvious. The test would be most useful when only sera 
positive in the slide test needed to be titrated. From 560 sera negative in the 
slide test, 10 had a titer 1:8 in the quantitative test, a number which is negligi- 
ble when the doubtful significance of such a titer is taken into consideration. 
Undiluted serum appeared to be unsuitable for the sereening test as with it 
many doubtful positive reactions were obtained with sera from healthy persons 
and, on the other hand, some positive reactions were missed. 

We have used type O Rh positive cells. With these, there is the added possi- 
bility of agglutination by anti-Rh agglutinins as well as by alpha-2 agglutinins. 
Such a reaction would be indicated as being a false positive by the unsensitized 
cell control test in the later quantitative reaction. In our material, however, 
we have not seen such positive controls. 

A sereening test for rheumatoid arthritis sera with latex polystyrene par- 
ticles coated with gamma globulin has been described by Rheins and associ- 
ates.° This test is somewhat more complicated than ours as incubating at 37° 
C. or 56° C. for half an hour and centrifugation are necessary. On the other 
hand, the reagents for the latex test are easy to prepare. It will be of interest 
to compare the clinical value of these two methods. 


SUMMARY 


A slide test employing human type O erythrocytes has been found useful 


as a simple sereening test for hemagglutination in the sera of patients with 
rheumatoid arthritis. 


We are indebted to Miss T. Smit for valuable technical assistance. 
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THE QUANTITATIVE DETERMINATION OF DRUG-RESISTANT 
BACTERIA BY INDUCED ENZYME SYNTHESIS 
DEXTER GOLDMAN, PH.D.,* Patricia A, CONLON, M.S.** 
Mapison, WIs. 


RESENT procedures for testing the susceptibility of microorganisms to 
chemotherapeutic agents are based on the inhibition of bacterial growth. 
Reports that many antimetabolie agents inhibit protein synthesis, and there- 


fore block the synthesis of induced (adapted) enzymes, suggest that a method 
based on induced enzyme synthesis can be devised for the quantitative de- 


termination of drug-resistant organisms in the presence of drug-sensitive 
organisms. 

Creaser' observed that 8-p-galactosidase formation by Micrococcus pyogenes 
var. aureus is inhibited by a number of antimetabolie agents including strepto- 
mycin, dihydrostreptomyein, Chloromyeetin and Aureomyein. Kushner® has 
demonstrated that chloramphenicol inhibits induced enzyme synthesis in chlo- 
ramphenicol-sensitive strains of Pseudomonas fluorescens, but enzyme synthesis 
is not inhibited in chloramphenicol-resistant strains of the organism. The forma- 
tion of B-p-galactosidase is inhibited by dihydrostreptomyein in dihydrostrep- 
tomycin-sensitive strains of Escherichia coli, but not in strains resistant to the 
antibiotie.® 

A test system based on adaptive enzyme synthesis would have the ad- 
vantage that the adaptive enzyme is detected against a background devoid of 
this enzymatie activity. Sinee the drug-sensitive cells will not form the adap- 
tive enzyme in the presence of the drug, a relatively small number of drug- 
resistant organisms can be detected in the presence of a large number of the 
sensitive cells. When the test system is based on growth, overinoculation of 
the medium ean obscure the true ratio of drug-resistant to sensitive organ- 
isms. 


A further advantage of such a method lies in the inherent sensitivity of 
enzyme techniques which, when properly applied, may offer a means of detect- 
ing bacterial growth considerably earlier than is possible by direct inspection 
of the culture medium. 
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Since a large body of published information exists on the induced f-p- 
galactosidase of Esch. coli, this enzyme was chosen for study. 


MATERIALS AND METHODS 


Medium and Microorganisms.—The ‘‘C’’ medium of Roberts and associates* was used 
throughout this work. Drug medium was the “C” medium to which streptomycin* (SM) 
was added to a final concentration of 100 yg per milliliter after the medium had been auto 
claved. Esch. coli, strain K12 (W-1485), streptomycin-sensitive (SM*) and its streptomycin- 
resistant (SM"“) variant (W-3001) were obtained from Dr. Joshua Lederberg of the Depart- 
ment of Genetics, University of Wisconsin. 


Orthonitrophenyl-B-p-galactoside: In the early phase of this work generous amounts 
of orthonitrophenyl-8-p-galactoside (ONPG) were supplied by Dr. Joshua Lederberg. ONPG 
was subsequently obtained from Quimotecnica Chilena, Ltd. 


Plan of experiments: Lactose was used both as inducer of the galactosidase and as 
earbon source for the induced cells. Cells capable of undergoing induction were inoculated 
into medium containing lactose. Induetion was allowed to proceed; an increase in the 
number of cells then took place. At various times following inoculation of the sample 


into the test medium aliquots were removed for enzyme assay. 


Preparation of samples for assay: Twenty milliliter samples of cultures which had 
undergone induction were centrifuged at 20,000 x g in the International PR-2 refrigerated 
centrifuge for 20 minutes, The pellet was suspended in medium without the energy source 
and diluted to 2.0 ml. in microvolumetric vials; the optical density was read at 420 mg in 
the Beckman Model DU speetrophotometer, and the dry weight bacterial cells per milliliter 
was estimated from a standard curve correlating optical density and dry weight. 


Extraction of the enzyme and assay of B-p-galactosidase: The enzyme was released 
by incubating the 2.0 ml, cell suspension with 2 drops of toluene at 38° C. for one hour. 
Suspensions may be stored at 4° C. for at least 48 hours without a loss in enzyme activity. 
A modification of the method of Lederbergs was used to assay the enzyme, The assay mix- 
ture contained the following: 1.5 ml. buffer of pH 7.2 (0.2 M NaCl; 0.08 M Na,PO,), 0.3 
ml, 0.005 M ONPG, and crude enzyme preparation (0.03 to 0.20 ml.); the final volume was 
2.7 ml. The reaction was allowed to proceed for 20 minutes at 38° C. Addition of 0.3 ml. 
1 M K,CO, stops the reaction and intensifies the color of the orthonitrophenol (ONP) re- 
leased by the hydrolysis of ONPG, One unit of enzyme is defined as that amount which 
catalyzes the hydrolysis of 1.0 4M ONPG per minute under the assay conditions. Specific 
activity of the enzyme is expressed as units of enzyme activity per milligram dry weight 
bacterial cells. The molecular extinction coefficient of ONP in 0.1 M K,CO, at 420 mg is 
4.43 + 0.09 x 106 em.? x mole-!, 


RESULTS 


The Effect of the Number of Viable Cells in the Inoculum on Induced En- 
zyme Synthesis and Growth.—Medium containing lactose (0.5 per cent) as the 
energy source was inoculated with a known number of unadapted SM® cells. 
Inoculum size was estimated from a standard curve correlating optical density 
at 420 mp» and the number of viable cells per milliliter; the actual inoculum 
size was determined by plate count. The inoculated flasks were incubated at 
37° C. on a shaking machine and sampling for the galactosidase assay was begun 
at a suitable time after inoculation. Fig. 1 shows that the intervals between 
inoculation and the appearance of measurable amounts of both the induced 


*Streptomycin sulfate, E. R. Squibb & Son, New York, N. Y. 
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enzyme and bacterial growth are functions of the number of viable cells in the 


inoculum. Using the SM® variant, results identical with those above were ob- 
tained both in drug-free and drug-containing medium. 
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J Fig. 1.—The effect of the number of viable cells in the inoculum on the length of the 
time periods between inoculation and the production of measurable amounts of induced enzyme 
(upper curves) and cells (lower curves). O—O 3.2 x 10° cells per milliliter; x—x = 1.0 X 
10° cells per eT A 2.9 x 10? cells per milliliter; @—@ 1.1 X 10? cells per 
milliliter; O—O) = 5.8 X 10% cells per milliliter; A—A = 2.8 X 10' cells per milliliter. 


The Rate of Induced Enzyme Synthesis and Growth of Mixed Cultures of 


Resistant and Sensitive Cells—Mixed cultures were prepared by combining 


known numbers of unadapted sensitive and resistant cells; plate counts were 
made on drug-free and drug-containing media to determine the actual inoculum 


size. Drug-free and drug-containing media containing lactose (0.5 per cent) 
as the energy source were inoculated with a dilution of the mixed culture giving 
the desired concentration of cells per milliliter. The remainder of the procedure 
was as previously deseribed. Fig. 2 shows the results of 4 experiments in which 
the mixed culture inocula were approximately 100 cells per milliliter; the 
variable is the number of resistant cells per milliliter. The first curve is the 
average rate of enzyme synthesis in drug-free medium in all experiments and 
the other curves show the times required for synthesis of B-p-galactosidase by 
mixed eultures in drug-containing medium. It may be seen that the intervals 
between inoculation and the detection of measurable amounts of both adaptive 
enzyme and bacterial growth in medium containing streptomycin is a function 
of the number of cells that are viable in the presence of the drug. 

To avoid the difficulties inherent in measuring the time required to reach 
very low and very high specifie activities of the galactosidase activity, levels of 
0.50 and 1.50 were arbitrarily selected as standards. Similarly, arbitrary 
values for growth of 0.0020 and 0.0050 mg. dry weight bacterial cells per milli- 
liter were selected as standards. Fig. 3 shows the straight-line relationship be- 
tween the log of the inoculum size and the time required for the induced galae- 
tosidase to reach either of these standard activities. Consequently, if the time 
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Fig. 2.—Same as Fig. 1 except that mixed cultures containing both SM® and SM®* cells 
were inoculated into drug-free and drug-containing media. x—x growth and induced enzyme 
formation of 1.16 x 10° cells per milliliter in drug-free medium (average of A experime nts) ; 
O—O = 1.4 X 10° cells per milliliter (36 per cent SM", 64 per cent SM®*) : 1.06 


102 cells per milliliter (35 per cent SM®, 65 per cent SM*): [—C = 1.00 x "102 cells per milli- 


liter (22 per cent SM®, 78 per cent SM*s) ; ee 1.15 x 10° cells per milliliter (11 per 
cent SM®, 89 per cent SM*). The last 4 curves represent induced enzyme synthesis and 
growth in drug-containing medium (100 sg SM per milliliter). 


Le ul 


\ | Standard Specific 
3 Activity 
0-005 
5 x—x 1.5 


2 
Micke 
5 


Initial Concentration (cells/ml) 


2 6 20 24 28 
Hours after inoculation 


g. 3.—Relation between the initial concentration of viable cells in the inoculum and 
oe time required for the enzyme to reach arbitrary standard specific activities of 0.50 and 


Fig 


150 
5 
4oo20£ 
/ / E 
0.015 4 


Volume $2 DRUG-RESISTANT BACTERIA 
Number 1 


needed to reach either of these activity levels is known the number of viable 


cells in the inoculum ean be estimated very closely. Fig. 4 shows that the time 
after inoculation required to reach these standard levels of growth is again a 


function of inoculum size. 
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Fig. 4.—Relation between the initial concentration of viable cells in the inoculum and the 
time required to reach arbitrarily chosen standard growths of 0.0020 and 0.0050 meg. dry 
weight cells per milliliter of medium. 


DISCUSSION 

The above results demonstrate that a drug-susceptibility test based on 
adaptive enzyme synthesis may be completed in a shorter time than one based 
on currently available methods. Present methods for the detection of drug- 
resistant organisms in the presence of drug-sensitive organisms are based on 
growth. A problem inherent in these methods is overinoculation. If the sam- 
ple used as inoculum contains a large absolute number of drug-resistant organ- 
isms—even though this may be but a small proportion of the total number of 
cells—confluent growth may occur on drug-containing medium obscuring the 
true resistant to sensitive ratio. A method based on enzyme induction would 
eliminate this problem since only the drug-resistant organisms could form the 
induced enzyme on drug medium while all cells would form the induced en- 
zyme on the control medium. Overinoculation would only serve to reduce 
the time between inoculation and detection of the induced enzyme. 

It should be emphasized that both adaptation and growth had taken place 
before sampling was started for growth and enzyme activity determinations. 
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Sampling was routinely started in these experiments when the adapted cell 
concentration reached about 10° cells per milliliter. The sensitivity of the 
present procedure is such that the presence of the induced enzyme can be 
detected from 3 to 5 generation times before growth can be detected by pres- 
ent optical means. It is possible that as techniques improve we may be able to 
detect the adaptive enzyme content of considerably fewer cells than are needed 
at present; this would make it possible to complete the test in an even shorter 
time. 

While this method is obviously of little practical importance in testing the 
drug susceptibility of a fast-growing organism such as Esch. coli, it may assume 
clinieal importance when one wishes to test the drug-susceptibility of a slow- 
growing organism such as Mycobacterium tuberculosis. Work is currently in 
progress to adapt this induced enzyme procedure to M. tuberculosis in the hope 
of developing a more accurate and rapid drug-suseceptibility testing method. 
SUMMARY 
A new method has been devised which permits the quantitative determi- 
nation of small numbers of streptomycin-resistant bacteria in the presence of 
streptomycin-sensitive cells. The method is based on the inhibition by strepto- 
mycin of B-p-galactosidase formation in sensitive cells, but not in streptomycin- 
resistant cells. 


This project is based on a suggestion by Dr. Joshua Lederberg whose aid and interest 
n this work is greatly appreciated. 
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EFFECT OF REUSE AND TEMPERATURE UPON RANA PIPIENS 
AS A PREGNANCY TEST ANIMAL 
Russet Hitr, Pu.D., anp Irvinc Rosen, M.S.* 
Fort Baker, Catir. 


INCE the introduction of the use of Rana pipiens as a pregnaney test 
animal, consideration has been given to various factors which influence the 
test. These factors are variations in the test procedure,’ maintenance of the 
test animals,’ seasonal variation in frog response,**°"* and sensitivity to 
chorionie gonadotrophie hormone.* 

Although Cutler? maintained that R. pipiens could not be used with reli- 
ability after a positive test, other amphibia have been used over again without 
loss of aceuracy.’® A standard procedure has been developed whereby animals 
used in one test could be reused a number of times. This report presents data 
obtained concerning the effeet of reusing the test animals upon responsiveness. 
Information is also presented concerning the effect of environmental tempera- 
ture, 


METHODS 


Maintenance of Frogs.—New frogs were placed in battery jars containing tap water 
and sulfadiazine. They were immediately placed in an illuminated refrigerator.16 The 
frogs were removed as needed and placed in dry battery jars during the test. Upon 
completion of the test, tap water was added to the jar and kept at room temperature for 
varying periods of time. At the end of this period, fresh sulfadiazine was added and the 
frogs returned to the illuminated refrigerator until used again. 


Water was changed daily 
in the jars kept at room temperature, but only added when necessary to those jars in the 
refrigerator. No food was offered to the animals at any time. No check was made on the 
refractoriness of new frogs to chorionic gonadotrophic hormone (CGH) as this was 
accomplished during the course of the pregnancy test. 


Urine.—Urine was concentrated by adsorption with kaolin. Fifty milliliters of urine 
was brought to a pH of 4.0 to 4.5 with 25 per cent HCl. Ten milliliters of a 5 per cent 
kaolin suspension was added and the mixture shaken. 


This was allowed to remain overnight 
in a refrigerator. Thirty to thirty-five milliliters of the supernatant was discarded and 
the remaining sediment and urine shaken and poured into a centrifuge tube. This was 
centrifuged for 10 minutes at 2,000 r.p.m. The supernatant was discarded, 5 ml. of 0.1 N 
NaOH was added, the mixture stirred and recentrifuged. 
removed and made neutral with 25 per cent HCl. 
earlier publication.® 


The resulting supernatant was 
This procedure was given in detail in an 


Pregnancy Test.—Two frogs were used for each test and were taken from the same 
refrigerated jar. 


Two milliliters of the neutralized concentrate was injected into the 
dorsal lymph sae of each frog. 


Frogs were checked at 1- and 3-hour intervals after injection 
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for the presence of sperm in their urine. Slides were examined under low power without 
a cover slip to insure motility of the sperm. The test was considered positive if at any time 
during the two examinations one or both frogs showed any motile sperm, 

To minimize any errors due to refractory animals, frogs demonstrating a negative 
response after both checks were injected with 50 I.U. of CGH and checked again in one hour. 
Frogs showing no response to the CGH injeetion were considered refractory and discarded. 
Frogs were not checked for the presence of sperm prior to use sinee it was felt that any 
sperm from a previous test would have disappeared by the time of reuse. Since no false 
positive results were obtained, this assumption proved to be valid.6 


RESULTS 

The data obtained comparing the percentage of refractory animals with 
the number of times used are listed in Table I. Beeause of the acquisition of 
new frogs, it was necessary to eliminate older animals and, as a consequence, 
only 22 animals were utilized 5 times. The number of refractories obtained 
after the first test was equivalent to the percentage of nonresponsiveness in new 
animals, this being 5.2 per cent. Examination of the percentage of refractory 
animals indieated a definite increase in frequeney of nonresponsiveness with 


increased usage. 


TasLe I. or Reuse oN RerRACTORINESS OF RANA PIPIENS 


NO. TIMES NO. OF REFRACTORY ANIMALS 
FROGS USED FROGS USED NUMBER PER CENT 
485 5.2 


251 10.8 7.07+ 


125 16.8 17.69+ 
79 12.06+ 
99 8.761 
Total 962 


*Used as first constant event. 
tSignificant at both the 1 and 5 per cent levels. 


To determine the validity of these data, chi-square values were caleulated 
from fourfold contingeney tables. The data for new animals (used one time) 
were employed as the first constant event and Groups 2 through 5, respectively, 
as the second event. These values are recorded in Table I. Each value obtained 
is significant at both the 5 and 1 per cent levels. However, since the 
experimental variables were applied after the animals had been used the first 
time, the significance of the increase of refractoriness would have to be deter- 
mined using Group 2 as the first constant event. Chi-square data were caleulated 
using Group 2 as the constant first event and Groups 3 through 5 as the 
second event. The values obtained were as follows: Groups 2 and 3, 2.2; Groups 
2 and 4, 1.3; and Groups 2 and 5, 1.8. None of these values are significant at 
the 5 per cent level. 

To correlate some of the environmental factors which could have influenced 
the increase in refractoriness, data were accumulated concerning the effeet of 
maintenance of animals at room temperature and refrigerator temperature. 
The results are shown in Table II. The signifieanee of the percentage of 
refractory animals was determined by chi-square statistical analysis, The 
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figures in Table II were obtained for the animals kept at room temperature. A 
comparison of refractoriness was made for each day as compared to animals 
maintained at room temperature for 10 days. In a similar manner, the modal 
day 4 was selected as first event and all comparisons made against it for animals 
kept under refrigeration. Only one value in Table II proved to be significant 
at the 5 per cent level and that was for animals under refrigeration for only 
one day before reuse. 
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Fig. 1—-A composite of the effect of room temperature and refrigeration upon 
The number of refractory animals are shown for each combination, 


sensitivity. 


TABLE Il. Errect oF TEMPERATURE ON REFRACTORINESS IN RANA PIPIENS 


ROOM TEMPERATURE REFRIGERATION 
PER CENT ] PER CENT 
REFRACTORY REFRACTORY 

36.7 

7.1 
18.2 
15.7 
15.5 
10,2 
15.2 


*Significant at the 5 per cent level. 
tFirst constant event. 


No simple statistical comparison was available for the combined action 
of the two environmental factors. Fig. 1 represents the number of refractory 


DAY x2 
6 0.01 
7 7.30* 
8 2.60 
9 0.01 
10 
ll 1.80 
12 0.00 
13 12.2 0.10 7 10.5 0.02 
l4 > 0.60 8 10.2 0.01 
15 18.8 0.04 10 13.6 0.02 
13 23.1 0.90 
17 15.4 0.02 
= 21 11.1 0.20 
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animals found for the number of days under each environment as a composite. 
This figure showed a random distribution over the entire range, indieating no 
effect upon refractoriness when both environments are considered together. 


DISCUSSION 


The chi-square analyses upon the data in Table I confirmed the informa- 
tion shown by the inerease in frequency of refractoriness of animals used 2 to 5 
times. Since these data were significant at both the 5 and 1 per cent levels, 


it appeared that one or more of the experimental conditions to which the animals 
had been exposed did affect their reactive properties. To resolve the question 
of whether this significant inerease in refractoriness was a funetion of the 


number of times the animals were used, chi-square data were ealeulated using 


Group 2 as the first constant event. Since the results obtained were not sig- 


nificant at even the 5 per cent level, the proportion of refractory animals in 
» 


Groups 3, 4, and 5 was not significantly different from those in Group 2. It 
was concluded, therefore, that no significant increase in proportion of refractory 


animals occurred with increased use. The increase in frequency of refractoriness 


was due to some factor or faetors occurring during or after the initial test and 


did not continue to affeet the animals afterward. 


It is interesting to note that the chi-square values in Table I do not follow 


the same pattern as the frequeney of refractoriness. Instead of obtaining in 


creasing values with inereased usages, the high value was obtained between 


Groups 1 and 3, the rest being lower. 


The fact that no significant results were obtained concerning the environ- 
mental effects indicated that these factors alone could not account for refractori- 
ness. However, this information did influence the adoption of a definite pro- 
cedure for the pregnancy test. 


One of the factors which might have influenced the refractoriness of the 
frogs was the question of nutrition. This was not investigated during these 


studies, but loss in weight and general decline in appearance was noted in those 
animals used several times. 


SUMMARY 


Data were presented concerning the effect of reuse and environment upon 
the response of Rana pipiens to chorionie gonadotrophin. A significant increase 
in refractoriness was obtained after the animals had been used one time. No 
further inerease was evident when frogs were used 3, 4, or 5 times. The length 
of time the frogs were maintained under different environmental temperatures 
did not affect the animals’ sensitivity to CGH. These factors are diseussed in 
relationship to refractoriness in frogs. 
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DETERMINATION OF TOTAL LIPIDS, CHOLESTEROL, AND 
PHOSPHOLIPIDS IN CEREBROSPINAL FLUID 


E. Rosoz, Pu.D., W. C. Hess, Pu.D., R. R. M.S.,* anp 
W. M.S. 
Wasurnaton, D. C. 


NOWLEDGE of the lipid content of cerebrospinal (CSP) fluid may con- 

tribute to the understanding of the changes occurring in demyelinating 
diseases. The myelin sheath consists mainly of lipoproteins. If, as a result of 
the demyelinating process, these lipids enter the blood stream, they would be 
difficult to measure beeause of the large and varying amount of blood lipids.’ 
Radioactive tracer studies have shown that the uptake of substanees from CSP 
fluid into the brain is rather rapid.2* If the reverse is true, and the lipid 
constituents of the myelin pass from the brain into the spinal fluid, then the 
changes due to diseases could be more easily detected in CSP fluid than in 
blood. No such investigations could be carried out in the past, however, because 
of the lack of suitable methods for the determination of lipids in the fluid. This 
paper describes procedures for estimation of total lipids, phospholipids, and 
cholesterol of CSP fluid. 


PROCEDURES 

Reagents for Extraction.—Chloroform-methanol (2:1).4 

CaCl, Solution: this is prepared by shaking, in a separatory funnel, 96.3 ml. of chloro 
form-methanol (2:1) and 23.7 ml. CaCl, (20 mg./100 ml.). The two phases are allowed 
to separate and the upper phase is used.® 

Total Lipids.—Chromie acid: Dissolve 20 Gm. of powdered K,Cr,O, in one liter of 
H,SO, (sp. gr. 1.84).6 Solution should be effected at 100° C. 

Cholesterol.—FeCl, color reagent: dissolve 1.0 Gm. FeCl,-6 H,O in 10 ml. of glacial 
acetic acid. Dilute 1.0 ml. to 100 ml. with concentrated H,SO, and mix. 


Phospholipids.—Wet ashing mixture: Mix 32.5 ml. of 70 per cent HCl O, with 250 
ml. of 20 N H, SO, in a one liter volumetric flask. Dilute to the mark with H,O. 


Ascorbic acid molybdate: 0.25 per cent ammonium molybdate in 0.1 N sodium acetate 
to which is added, just before use, 1.0 ml. of 10 per cent ascorbic acid per 10 ml. of solution.’ 


Extraction.—The extraction of lipids from cerebrospinal fluid is effeeted by adding 
20 ml. of 2:1 chloroform-methanol to 10 ml. of fluid in a glass-stoppered test tube (22 by 
150 mm.). The tightly stoppered tube is briefly shaken and immersed in a water bath at 
approximately 85 to 90° C, for several minutes. It is then shaken for an additional 2 minutes, 
during which time the emulsion is kept hot by reimmersion in the water bath. The tube 


From the Departments of Biological Chemistry and Neurology, 
Schools of Medicine and Surgery, Washington, D. C. 


This study was supported by grants from the Public Health Service and the National 
Multiple Sclerosis Society. 


Received for publication Jan. 20, 1958. 


*Present address: Department of Physiology, Vanderbilt University School of Medicine, 
Nashville, Tenn. 


Georgetown University 


158 


Volume $2 LIPIDS IN CEREBROSPINAL FLUID 159 
Number 1 


is centrifuged for 20 minutes at 1,500 rp.m. The upper phase, containing the water soluble 
constituents, is removed. Two milliliters of methanol is added with shaking, to the lower 
phase, and the extract filtered through fat-free Schleicher and Schuell ‘‘sharkskin’’ paper 
into a second glass-stoppered tube. The extraction tube is rinsed with 2 ml. of the same 
solvent mixture. 


Purification of the Lipid Extract.—In order to remove traces of nonlipid material, the 
extract is shaken vigorously for 1 minute with 4 ml. of water. The tube is centrifuged for 
20 minutes at 1,500 r.p.m. and the upper phase is discarded. To remove all traces of water, 
the walls of the tube are washed twice with 3 ml. of CaCl, solution; these washings are 
removed by suction and discarded.5 The solvent is evaporated to dryness at 45 to 50° C. 
under a stream of nitrogen. The lipid residue is dissolved in 2 ml. of chloroform methanol 
and filtered into a 5 ml. glass-stoppered volumetric flask. The volume is brought to the 
mark with several rinses of solvent used to remove the last traces of lipid from the tube. 
An additional 0.50 ml. of solvent is then pipetted into the flask and the contents are thor 
oughly mixed by inversion, The extract is used for the following analyses. 


Total Lipids.—The procedure for the determination of total lipids is based on the 
method of Bragdon.6 A 2 ml. aliquot of the extract is pipetted into a test tube (16 by 
150 mm.) that can be fitted with a glass stopper. The solution is evaporated to dryness under 
nitrogen at 45° C. and 1.0 ml. of chromic acid is added. The tube is stoppered and sealed 
with one drop of the reagent and then heated at 100° C. for 30 minutes. The tube is cooled 
in tap water and 4 ml, of distilled water is added. After 10 minutes, the optical density 
is read at 580 mu. For the standard curve, serum lipids were prepared by the method of 
Sperry and Brand.’ Quantities ranging up to 0.200 mg. were employed. The procedure would 
detect 10 yg. 

Determination of Free and Ester Cholesterol.—The method of Hess® used for serum 
cholesterol, which is based upon adsorption on Al,O, and selective elution followed by colori- 
metric estimation, is employed. The Liebermann-Burehardt color reaction, however, is replaced 
by that of Brown and associates.7 The dry lipid extract of 10 ml. cerebrospinal fluid is 
dissolved in 5 ml. of petroleum ether, placed on an Al,O, column (5 in. height, 0.5 in. 
diameter) and washed with 5 ml. of petrol ether. Cholesterol ester fraction is eluted by the 
addition of 20 ml. of 10 per cent ethyl ether in petroleum ether. The eluate, collected in a 
flask, is evaporated to dryness at 40° C. under a stream of nitrogen. The free cholesterol 
is eluted with 35 ml. of 10 per cent ethanol in petroleum ether. The eluate is taken to 
dryness as deseribed for the ester. Both free and ester fractions are dissolved in 3 ml. 
glacial acetic acid; 2 ml. of ferrie chloride sulfurie acid reagent is added and the color 
read at 560 mg in a Bausch and Lomb Spectronic 20 speectrophotometer. The color is stable 
for 4 hours. If less than 10 ml. of spinal fluid is available, then it is not possible to sep- 


arately determine both fractions; however, total cholesterol can be measured by the proce- 
dure of Brown and associates.?— A 2.0 ml. aliquot of lipid extract is transferred to a 15 ml. 
glass-stoppered tube; the solvent is evaporated under nitrogen at 45° C. The residue is 
dissolved in 3.0 ml. of glacial acetic acid, and the colorimetric procedure described above is 


followed. For the preparation of the standard curve, 30 mg. of pure cholesterol is dissolved 
in 100 ml. of glacial acetic acid; aliquots up to 0.20 ml. are employed. The procedure would 
detect 10 wg of cholesterol. 


Phospholipids.—Phospholipids are determined by a modification of the micromethod of 
Lowry and associates.§ The solvent is evaporated from the aliquot of lipid extract, and 
0.75 ml. of wet-ashing mixture is added to the residue. The sample is heated at 95° C. for 
2 hours and at 165° C. for 2 hours. After cooling, 4.5 ml. of ascorbie acid-molybdate mixture 
are added. The optical density is read at 820 mg. For the standard curve, 0.4 mM. KH,PO, 
was used in volumes ranging from 0.1 to 1.0 ml. The appropriate blank’ consists of an 
equal volume ef the solvent mixture treated in the same manner as the test solution. The 
phospholipid content was caleulated by multiplying the phosphorus values by a factor of 26, 
As little as 0.15 wg of lipid phosphorus could be measured. 
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RESULTS 


Total Lipids.—Because of the low protein concentration in CSP fluid, 
the lipids that are conjugated with these proteins might be expected to be pro- 
portionally low. Consequently the methods used for blood lipids cannot be 
applied directly to fluids. The procedure of Sperry and Brand® uses a serum- 
solvent ratio of 1:25 for lipid extraction. Beeause of the low concentration of 
lipids in the fluid, it is necessary to use about 10 ml. for extraetion. This would 
necessitate 250 ml. of solvent—a volume which is impractical for an analytical 
procedure. Therefore, the volume of the solvent had to be reduced. Various 
ratios of solvent to fluid were tried. Aliquots ranging from 2.5 to 15.0 ml. were 
extracted with 20 ml. of 2:1 chloroform-methanol and analyzed for total lipids 
as described above. As the basis for comparison, 10.0 ml. of the same fluid was 
concentrated to 1 ml. under N, at 45° C. and the total lipids extracted by the 
method of Sperry and Brand,° using their ratio of 1:25. The amount of lipid 


in the concentrate was determined by both gravimetric and chromic acid analyses. 
Values of 2.50 and 2.45 mg. per cent, respectively, were obtained. The results 
show (Table I) that the recovery of total lipids from the fluid ranged from 
98 to 101 per cent. In the range studied, variation in the fluid to solvent ratio 
had no effect on the extractability of the lipids. The ratio of 10 ml. of fluid 
to 20 ml. of solvent was adopted because this volume of fluid is readily obtained 


by spinal tap and provides enough material for the analysis of total lipids, 


phospholipids, and cholesterol. 


TABLE I. INFLUENCE OF SPINAL FLUID-SOLVENT RATIO ON THE EXTRACTION oF LIPIDS 


MG. LIPID PER CENT 


ML. OF CSP | RATIO OF FLUID 


FLUID TO SOLVENT FOUND | CALCULATED RECOVERED 
2.5 1:8 0.062 0.062 100 
5.0 1:4 0.123 0.124 99 
10.0 1:2 0.249 0.248 101 
15.0 1:1.5 0.362 0.372 98 


TasLe II. Toran Liptp ConTent or Serum 


VALUES BASED ON 
UNDILUTED SERUM* | PER CENT 


SERUM DILUTIONS MG./10 ML. MG. RECOVERED 
2.328 2.320 100 
1:50 1.160 1.160 100 
1:100 0.560 0.580 97 
1 te 0.288 


The recovery of lipids from spinal fluid cannot be tested by the usual proce- 
dure of adding a measured quantity of the solid compound because lipids added 
to fluid do not go into solution. Therefore, blood sera was diluted twenty-five 
to two hundred fold to simulate spinal fluid concentrations. Total lipids were 
determined on extracts of those diluends. The lipid concentration of the un- 
diluted serum was determined according to Sperry’s gravimetrie method, and this 
value was used as a basis for ecaleulating the recovery. The recovery of lipids, 


160 

*The total lipid concentration of the undiluted serum was 580 mg. per cent.® 


Volume $2 LIPIDS IN CEREBROSPINAL FLUID 161 
Number 

as can be seen in Table Il, was between 97 and 100 per cent. The reproduci- 
bility of the method was determined by analyzing 6 replicates; the average 
value was 2.4 mg. per 100 ml. with a standard deviation of + 0.027. 


Cholesterol_—The extractability of cholesterol was tested by comparison of 
our procedure with the original method of Brown and associates.’ Spinal fluid 
was concentrated in a 50 ml. volumetric flask from 10 to 2 ml. with a stream 
of nitrogen (45° C.). As a blank, 10 ml. of 0.9 per cent NaCl was used. Thirty 
milliliters of aleohol-acetone (1:1) was added to the concentrated fluid, and the 
mixture was brought to boiling in a water bath. Because NaCl was found to 
react with the FeCl, color reagent, it was necessary to remove it from the aleo- 
holacetone filtrate. A 10.0 ml. aliquot of the filtrate was evaporated to dryness 
in a test tube and the residue dissolved in 5 ml. of chloroform methanol (2:1). 
The extract was shaken vigorously with 1 ml. of H.O, centrifuged, and the 
lower phase used for cholesterol analysis. Aliquots of 5.0 and 10.0 ml. of the 
same fluid were extracted as outlined and the extracts analyzed for cholesterol. 
The average of 4 replicate determinations on the 5 ml. aliquots was 0.40 mg. per 
100 ml. and on the 10 ml. aliquots, 0.39 mg. The amount found by the method 
of Brown’ was 0.41 mg., indicating recoveries of 98 and 95 per cent, respee- 
tively. The method is sensitive to 10 »g of cholesterol. 

In order to test the efficiency of the method of separation of free from 
ester cholesterol, aliquots of solutions containing equal amounts of the two in 
concentrations of 20, 30, and 40 mg. per 100 ml. were chromatographed. The 
recoveries of free and ester cholesterol were 97.7 and 98.0 per cent, respectively. 
The method was applied to blood sera diluted 100 times. Three samples were 
analyzed in triplicate; the average amount of total cholesterol found, ealeulated 
on the original serum, was 164.9 mg. per 100 ml. The per cent of free cholesterol 
was 31.7—a value comparable to that found by Hess" in a series of normal sera. 


TABLE III. CHOLESTEROL IN SPINAL FLUID 


FREE (MG./100 ML.) | ESTER (MG./100 ML. ) | FREE ( PER CENT ) 
0.189 0.214 46.8 

0.351 0.417 45.7 

0.344 0.209 62.2 

0.385 0.547 

0.324 0.209 

0.278 0.131 

0.389 0.248 

0.262 0.180 


Recovery studies were also conducted by adding to the diluted serum 20 mg. 
each of both free cholesterol and the equivalent of cholesterol stearate. The 
average recoveries on 4 replicate determinations was 105 per cent for both the 
free and ester cholesterol. The method was then applied to a series of spinal 
fluids; the results are given in Table III. Many of the fluids analyzed were 
from various neurologic disorders, but the results are not being correlated with 
any pathology at this time. It might be noted that the concentrations of free 
cholesterol are below the amount that ean be precipitated quantitatively by 
digitonin.’® 
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Phospholipids.—The extractability of phospholipids has been tested using 
various volumes of fluid. The fluids were extracted with 20 ml. of chloroform- 
methanol and analyzed for lipid phosphorus as outlined. An aliquot of each 
fluid was lyophilized, the residue suspended in 1 ml. of water and extracted 
with 25 ml. of chloroform-methanol. The value obtained from the lyophilized 
fluid was used as the basis for comparison. The results, presented in Table IV, 
show that the reeovery from the lyophilized fluid was complete. Parallel ex- 
periments on serum diluted two-hundred fold produced an average phospholipid 
recovery of 101 per cent. The reproducibility of the method was determined 
by analyzing 6 replicates, the average value was 1.33 mg. per 100 ml. with a 
standard deviation of + 0.10. 


TABLE IV. EXTRACTABILITY OF PHOSPHOLIPIDS FROM CEREBROSPINAL FLUID 


MG. OF PHOSPHOLIPIDS | 
ML. OF SPINAL FLUID FOUND | EXPECTED 
ors 


| PER CENT EXTRACTED 


2.5 0.02026 0.02057 : 98.2 
5.0 0.04056 0.04114 98.5 
10.0 0.08215 0.08229 99.8 


SUMMARY 


Analytical methods are given for the determination of total lipids, free and 
ester cholesterol, and phospholipids in spinal fluid. 
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KELL TYPING IN THE CAPILLARY TUBE 
AN Apapration or Léw’s Paparnizep Serum TECHNIQUE TO THE CAPILLARY 
Mevrnop or BLoop 


Marion Lewis, Hiroko Karra, AND Bruce Cuown, M.D. 
WINNIPEG, CANADA 


EXT to the antigens of the Rh system, Kell plays the most important role 

as a cause of hemolytie disease of the fetus and the newborn infant and 
of transfusion reactions.* Sensitization to this factor is usually induced by 
transfusion, although it may result from stimulation by pregnaney alone; in 
our experience if the mother has been sensitized by transfusion the resulting 
hemolytie disease due to anti-K tends to be severe, not uneommonly resulting 
in stillbirth or hydrops. Is the risk of sensitization to Kell, and, therefore, 
the threat of disease or of reaction, of sufficient magnitude to warrant testing 
of donor and patient with anti-K, or is the task of such testing too great for ihe 
blood bank to assume ? 

This question has been raised many times, and, while all agree that such 
sensitization is undesirable and is to be avoided if possible, the time involved 
the standard method being the indireet Coombs’ technique—the cost, and the 
amount of serum that would be required have been held to be prohibitive. 
The method here described overcomes these objections. It is aeceurate and is 


economical of both time and serum; in less than one hour an experienced 


technician can test 200 blood samples, cheek the Kell-positives and reeord all 
the results. The expenditure of serum depends upon its strength. In our first 
test-run of 15,000 donor specimens we used an undiluted anti-K serum with a 
titer of 1:128 determined by both indireet Coombs’ and papain methods. This 
gave us 300 to 350 tests per milliliter. Later we found a dilution of 1 part 
of this anti-K serum to 20 parts of AB serum to be quite satisfactory, although 
the reactions were somewhat slower. This dilution allowed a minimum of 6,000 
tests per milliliter of neat serum. 


From the Rh Laboratory and Department of Paediatrics, University of Manitoba, (postal 
address) 735 Notre Dame Ave., Winnipeg 3, Canada. 

Based on a paper read at the tenth Anniversary Meeting, American Association of Blood 
Banks, Chicago, Nov. 4-6, 1957. 

Received for publication Jan. 20, 1958. 

*Dr. Eloise Giblett has kindly allowed us to quote the following figures from her paper, 
“The Incidence of Red Cell Antibodies and the Consequent Danger of Transfusion in a Com- 
munity,” read at the tenth Anniversary Meeting of the American Association of Blood Banks in 
Chicago, Nov. 4-6, 1957. Of 21,000 recipients 267 were found to have antibodies other than 
anti-A or B. Of these, 194 were antibodies of the Rh system alone. Of the remaining 73, 40 
were antibodies not likely to cause either hemolytic disease or severe transfusion reaction, i.e., 
anti-Le*, Le®, M, or P. Of the remaining 33 potentially dangerous antibodies there were 25 
examples of anti-K, 3 anti-K + anti-D, 1 anti-K + anti-f, 1 anti-K + anti-Fy*. In other words 
30 of the 33 potentially dangerous antibodies outside the Rh system were anti-K alone or in 
combination with another antibody. 
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MATERIALS 


Anti-K Serwm.—Test your neat serum; if there is a good reaction in less than 10 
minutes then set up serial dilutions of the serum in AB serum and test each dilution by 
the method. Select for use the dilution that gives a good reaction within a decided time 
limit; we like to use a dilution that reacts within 10 minutes. Commercial sera are prac 
tically always diluted; they ure satisfactory for use by this method only if the diluent is 
AB serum. Our serum is dispensed in serology tubes containing 0.25 to 0.5 ml. and is kept 
frozen when not in use. 


Papain Solution—We used the German brand of papain kindly supplied us by Dr. 
Liw* and made up according to his instructions.1 We understand that Merck’s American 
papain does not work in the tube, but we have had no experience with it. The solution is 
first put up in 5 to 10 ml. units and frozen. One lot at a time is thawed and redispensed 
in units of 0.25 to 0.5 ml. in serologic tubes (55 by 6 mm. outside diameter) and again 
frozen. When papain is thawed for use it is mixed well; it can then be allowed to settle 
and the supernatant used, although this is not necessary as the inactive sediment does not 
interfere with the reaction, The papain keeps indefinitely if kept frozen. 


Capillaries—The capillaries are 9 em. long by 0.4 mm. internal diameter—the so- 
called ‘‘coagulation tubes.’’ We have found those supplied by Progressive Laboratory 
Specialties Co., Jamaica, N. Y., uniformly satisfactory. 


Slant Box.—The type we have used for the past 12 years is illustrated in Fig. 1; any 
handyman can make it. The lights are to be turned on only for reading the reactions, not 
for heat. 


OPAL GLats 


PiasTiciwe 


Fig. 1.—The slant box seen from the front and endwise. The opal glass is pure white or 
a bluish white. The light is turned on to facilitate reading not for heat; consequently it is 
turned on only when making readings. 


Blood Samples.—Pipette free cells from the clots into properly numbered test tubes. 
(To save washing glass pipettes we use paper straws for this purpose.) Fill the tubes with 
saline; centrifuge. Throw off the saline with a quick flick, leaving a cell suspension of 
approximately 50 per cent and place the samples in order in a rack. Samples we have tested 
for the Red Cross have been pilot tube specimens with which they were finished. Saline had 
already been added, and by the time we received them the cells were partially settled; we 
threw off the supernatant saline and proceeded without further washing. In our experience 
the Kell antigen does not become nonreactive quickly after blood is drawn, as is often 
stated; Kell-positive cells a week old will react well if freshly washed. 


METHODS 


1. We like to work in units of 10; our racks carry 4 rows of 10 tubes each. Shake 
the rack of cell suspensions well and place it in front of the slant box. On the bench in 
front of the rack place a paper towel, folded as it comes from the dispenser. 


*Papayotin, 1:350; Merck, 
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2. Place a number of capillaries between the second and third fingers and the tube 
containing the anti-K serum between the thumb and first finger of the left hand. 

3. With the right hand take a capillary from the left hand and dip the tip into the 
tube of anti-K serum; allow about 1% inch of serum to run in, Lean the capillary on the 
rack, the empty end resting on the edge of the rack, the serum-filled end on the paper 
towel. Repeat with the needed number of capillaries. It is preferable to dip only one 
capillary at a time into the serum; otherwise serum runs between the capillaries and is 
wasted. 

1. Place the small tube of papain solution in the crook of the little finger of the left 
hand. With the thumb and first finger of the left hand take the first blood sample. Pick up 
a serum-loaded capillary and dip the serum-containing end into the tube of papain solution 
allowing approximately twice as much papain solution to run in as the column of serum 
already in the eapillary, Wipe the capillary with remaining fingers, and dip the serum- 
papain-filled end of the capillary into the cell suspension allowing 4 to 1% inch of the cell 
suspension to run in. 

5. Invert the capillary; place the forefinger over the upper end to prevent the con- 
tents from running out and set the capillary against the slanted glass with its lower end 
in the plasticine. 

6. Replace the first tube of blood in the rack and with the same movement pick up 
the second tube of blood. Pick up a second capillary containing serum, dip it in the papain 
solution, then in the blood, invert and set up. Repeat for each blood sample. The capil- 
laries are set up in groups of 10, representing the rows in the rack, Capillaries for samples 
1 to 10 are set close together, then a space left and capillaries for 11 to 20 set elose to- 
gether, and so on. 


RESULTS 


The time from setting up to visible reaction will depend upon the serum 
used. As we said before we like to work with a serum or AB dilution of serum 
that gives a reaction within 10 minutes. 

Kell-Positives.—The reaction of K-positive samples starts with a curdling 
appearance of the bottom of the blood column as it settles in the eapillary. As 
the cells flow down and settle to form a butt at the lowest point this ‘‘curdling”’ 
is obliterated and crossbars start to form the length of the blood column. These 
crossbars finally aggregate into relatively large clumps with clear fluid between 


the clumps. After some time if the reaction is particularly strong, these 
clumps may all slide down to rest on the butt of cells, leaving a column of clear 
fluid. 


Kell-Negatives.—The cells of the K-negatives also form a butt at the bottom 
of the capillary contents. Above this they recede from the lateral walls of the 
‘apillary to form a smooth needlelike column of cells the length of the eapil- 
lary. The column will remain unbroken for hours. 


Precautions. 

Check of Kell-positive bloods: At the end of the run remove the tubes 
of cell suspensions that you have recorded as positive, placing them in a rack. 
Repeat the test on these. This serves as a check on the original reaction and 
also on your recording, e.g., that it is in fact tube 4 of row 2 and not tube 5 
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of row 2 that reacted. In the beginning, and until you have gained confidence 
through experience in the method, you may well check these same bloods by 
the indireet Coombs’ method. 


Direct Coombs’-positive samples: Cells that are Coombs’-positive will 


give a positive reaction with any serum whatsoever, inert or other, to which 
papain has been added. 


Fig. 2 Examples of positive and negative reactions at 10 minutes. Numbers 1, 12, 14, 
and 20 are positive. In this illustration the bloods are set up in groups of 15 because that was 


the way the Red Cross bloods referred to in the script came to us. In our usual routine they 
are set up in groups of 10. 


Contamination of papain solution: Once a tube of papain is thawed it 
must be used for one serum and one serum only; the residue is discarded at the 
end of a day’s run with that serum. As the serum-charged capillaries are 
dipped into it it becomes slightly but pregressively more contaminated with that 
serum. 


Air bubbles preventing mixture of contents: If you pick up an air bubble 
between any two units of the reacting mixture—between serum and papain or 
between papain and red cells—the contents are blown out on a fingernail and 
allowed to flow back in. Until you beeome expert in the manipulation of 
capillaries you might find it less bother to diseard a capillary in which you 
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have picked up an air bubble. Air bubbles can be avoided by not loading too 
many capillaries with serum at a time until you beeome quick at setting 
them up. 

Occasionally a K-positive reaction is so strong that a single great clump 
clings to the lateral walls the whole length of the capillary; check such an ap- 
parent reaction with a less heavy cell suspension. 


DISCUSSION 


This method was first incorporated in our routine techniques as a quick 
way of detecting some incomplete antibodies, and later as a method allowing us 
to use incomplete anti-c, anti-E, and anti-K in the eapillary. Any saline anti- 
body will react in the eapillary without the addition of papain®; however, where 
the antibody is weak the reaction ean be considerably enhanced by the use of 
papain. We have tested 40 examples of anti-K by this method; all worked, but 
naturally some were quicker than others. 

In a period of 4 months we tested 15,000 donors for the Manitoba Divi- 
sion of the Canadian Red Cross Blood Transfusion Service through the coopera- 
tion of Dr. Lyonel Israels and Miss Catherine Anderson. The K+ frequency 
was 8.34 per cent, which does not differ significantly from previous series we 
have run by the indireet Coombs’ method. The first 500 samples were run in 
parallel by the present and the indirect Coombs’ method with complete agree- 
ment. <A further 200, negative by the present method, were checked by indirect 
Coombs’ and were negative by that method. In the 15,000 there were 12 samples 
which showed slow, weak agglutination causing some doubt in reading. Four 
of these were positive by the direct Coombs’ method. The other 8 oeeurred 
early in the series and were the result of cell suspensions that were too thin; 
when checked with a heavier cell suspension, clear-cut results were obtained 
which agreed with indirect Coombs’ checks on those samples. 

Kell-positive donors need not be lost to the blood bank; their blood can be 
used with discrimination (1) for transfusion of Kell-positive patients; (2) 
for transfusion of elderly patients unlikely to require further transfusions; and 
(3) for plasma. However, we think that all Kell homozygous (KK) donors 
should be set aside to be part of a special panel. Their blood should be com- 
pletely typed by a reference laboratory so that, should a patient with anti-k 
(Cellano) in her serum, with or without other antibodies, need transfusion, the 
required blood may be available. 


SUMMARY 


By adding Léw’s activated papain solution to anti-Kell serum in a eapil- 
lary and immediately taking up test cells a clear distinction between Kell-posi- 
tive and Kell-negative cells can be made. This method allows an experienced 
technician to test 200 bloods an hour, with an expenditure of 1 ml. of serum 
per 300 to 6,000 or more tests, depending upon the strength of the serum. The 
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blood of Kell-positive donors may be used for transfusion of certain patients 


or for plasma production. Homozygous Kell-positive donors should be kept 
in reserve to be called upon for special cases. 
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The American Cancer Society’s annual Spring Crusade is 
the climax of its year-round attack on cancer through 
research, professional and lay education, and service to 
the stricken. A study of the cancer scoreboard indicates 
that steady progress is being made. More and more lives 
are being saved. Progress encourages more progress. 

Earlier diagnosis, new methods of treatment and a 
greater public awareness have contributed to this progress. 
It is often said that the life of the cancer patient is in the 
hands of the first physician he consults. The Society, there- 
fore, conducts a broad professional education program, 
making available to doctors, through literature, films, 
exhibits, and other materials, information on the latest 
advances in detection, diagnosis and treatment. 

As the Society aids the doctor, so does its large corps of 
volunteers aid the cancer patient with dressings, transpor- 
tation, home care, medication and a host of other vitally 
needed services. 

For the past two years, the theme of the Society’s annual 
Crusade has been “Fight Cancer with a Checkup and a 
Check.” That Americans everywhere are learning the value 
of the annual health checkup in the fight against cancer, is 
evidenced by the fact that doctors report they are now 
seeing more cancer in its earliest stages than ever before. 

That American men and women have a personal stake 
in the program of the American Cancer Society is demon- 
strated by the public’s generous support of the Crusade. 
This year the goal is $30,000,000 and we are confident that 
our people will meet the challenge... will “fight cancer 
with a checkup and a check” in the encouragement of 
further progress. 


American Cancer Society 
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(Dry Granules) 
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